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€ommonu)ealtl) of iIla00atl)U0ett0* 



In Senate, February 25, 1863. 

Orderedy That His Excellency the Governor be requested to 
communicate to the legislature, without delay, any and all the 
information pertaining to the Troy and Greenfield Railroad and 
Hoosac Tunnel, that may have been procured by the commis- 
sioners appointed under chapter 156 of the Acts of 1862, in 
order that time may be afforded for such inquiry and examina- 
tion as will enable the legislature to act intelligently on any 
question in regard to the enterprise that may properly come 
before it. 

Sent down for concurrence. 

S. N. GiFFOKD, Clerk. 



House of Representatives, February 26, 1863. 
Concurred. 

W. S. Robinson, Clerk. 
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(Eommotuomiti) af illa00acl)ii0ett0. 



Executive Department, Boston, ) 

March 12th, 1863. \ 

To the Honorable the Senate : 

I have the honor to communicate for the use of the legisla- 
ture, the Report of Messrs. John W. Brooks, Samuel M. Felton, 
a«d Alexander Holmes, Commissioners appointed unider chap- 
ter one hundred and fifty-six of the Acts of 1862, providing 
*' for the more speedy completion of the Troy and Greenfield 
Railroad and Hoosac Tunnel." 

By this report, made to the governor and council, it is 
apparent that the Oommissioners hav^ discharged the duties of 
investigation and inquiry Into the whole subject of finishing 
the Troy and Greenfield Railroad, and of tunnelling the Hoosac 
Mountain — including the most economical, practical, and 
advantageous methods for the completion of the work, the cost 
of fitting the railroad and tunnel for use, the time within which 
the tunnelling of the mountain can be completely effected, the 
probable cost of the enterprise, the probable pecuniary value of 
the road and tunnel, with the sources and probable amount 
of traffic and income — in a manner at once elaborate, compre- 
hensive, instructive and convincing. Their report is attended 
by several plates, carefully illustrating those features of the 
proposed work more easily presented or explained by the aid of 
maps or plans, and is accompanied also by a report of Mr. 
Charles S. Storrow on European TunnelSy who at the request 
of the Commissioners, with the approval of the governor^nd 



f 



1868.] SENATE— No. 98, 8 

council, visited Europe for the purpose of examining the most 
important tunnels already constructed, and especially that now 
in progress under the Alps at Mont Genis, between France 
and Italy, which in many respects is supposed to be a work 
more nearly analogous to that projected under the Hoosac 
Mountain, than any other in the world. It is accompanied also 
by the respective reports made to the Commissioners by Messrs; 
Benjamin H. Latrobe and James Laurie, on the Hoosac Tunnel 
49tnd Troy and Grreenfield Railroad. The first contains observa- 
tions and opinions which were the result of Mr. Latrobe's per- 
sonal examination of the Hoosac Mountain and Tunnel, seen in 
the light of a considerable professicmal experience in works of 
a similar character, though of proportions less gigantic ; the 
second (namely, the report of Mr. Laurie,) exhibits a minute 
and scientific survey of the whole route of railroad and tunnel, 
with elaborate calculations. This mass of documentary matter, 
with the profiles, maps and plans contained therein, or prepared 
for ampler illustration and referred to in these reports, presents, 
as. I believe, an exhaustive treatise upon the subject intrusted 
to the investigation of the Commissioners, in all its particulars 
and relations. It is, itself, a monument of industry and learn- 
ing, and of practical as well as of professional judgment. 

The report of the Commissioners establishes the feasibility of 
the grand enterprise of tunnelling the Hoosac Mountain, and 
the necessity of ultimate and essential changes in the details of 
the railroa^d Una, of essential and important changes in the 
character and quality of the work upon the road and bridges, 
and of the enlargement of the tunnel itself; and also the neces- 
sity on the part of the State, of taking into its own hands the 
enterprise of constructing the tunnel, undertaking the work on 
its own account, controlling its own agents and holding them 
directly responsible for the integrity of their management. This 
course is, in the judgment of the Commissioners, in a work so 
exceptional and peculiar, an essential condition of energy, 
economy and succesa. 

The Commissioners find that the period of eight years will be 
necessarily employed in the accomplishment of this work. The 
advances already made by the Commonwealth to the Troy and 
Gilenfield Railroad Company, with interest to January 1, 



4 TROT AND GREENFIELD RAILROAD. [Mar. 

1868, including a special appropriation of $176,000 made last 
year, amount to $968,862. The additional interest at five per 
cent, for eight years, amounts to $462,585. The cost, there- 
fore, in which the State is already involved towards this enter- 
prise, assuming its completion in eight years, is $1,481,447. 
The cost of completing the tunnel 19 estimated by the Commis- 
sioners at an additional sum of $2,696,229, to which should be 
added interest during construction, $522,094, giving a result of 
$8,218,323. The estimated expenditure immediately required 
to complete the road east of the tunnel, is $447,060, the interest 
on which item it is assumed will be paid out of earnings to be 
received during the construction of the tunnel. The cost of 
permanent work from time to time, to replace the present 
temporary structures as they fail, is estimated at $50,000. 
The cost of straightening and improving the line east of 
the tunnel, to be done as the last thing before the tunnel is 
completed, is placed at $155,000. These three last enumer- 
ated items involve an expenditure of $652,060, deemed 
necessary to establish the road from Greenfield to the moun- 
tain on such a footing as to enable it to meet reasonable expec- 
tations as a through route. The cost of constructing the two 
miles, from the western terminus of the tunnel to North 
Adams, is stated at $67,500. The expense of the additional 
d^pSt buildings, shops, &c., for the completed line, will be 
$75,000, and the cost of the rolling stock $275,000. 

The total estimated cost of road and tunnel, including 
advances hitherto made by the Commonwealth, with interest 
on past and future advances and expenditures, at five per cent., 
compounded until the expected completion of the tunnel, and 
including also the expense of altering and enlarging the work 
already bored, straightening and improving the road and 
bridges, amounts therefore, in the whole, to the sum of 
$5,719,330. 

It will be remembered that the Act under which the Commis- 
sioners were appointed, and under which the prosecution of the 
work of constructing the road and tunnel was authorized, with 
the approval of the governor and council, to be continued, 
contemplated expenditures and advances, which, together with 
all sums hitherto advanced thereon by the Commonwealth, 
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should not exceed $2,000,000 in the aggregate. But the total 
amount of advances made by the Commonwealth prior to the 
date of suspension of work in the summer of 1861, was 
$778,695, which with the additional payment of $175,000 
appropriated under the Act of 1862, will give a total advance- 
mcnt, excluding interest, of $953,695 already absorbed out of 
the appropriation of only $2,000,000, of which the statutes 
thus far contemplated the expenditure. The cost of complet- 
ing the whole work is, therefore, so considerably beyond the 
unused portion of the $2,000,000 appropriated, as imperatively 
to -demand still further legislation to render the prosecution of 
the enterprise practicable by the commissioners. 

It will be observed that the Commissioners' Report, with the 
attendant documents, is communicated in print, the Commis- 
sioners having been directed, for the purpose of avoiding the 
delay consequent upon printing the documents after presenta- 
tion, to make their report originally in print. It is understood 
that copies are ready for immediate distribution to the members 
of the general court. 

Among the successful efforts of the commission, the legisla- 
ture will be gratified to notice that of securing an agreement 
in writing from the Fitchburg Railroad, the Vermont and Mas- 
sachusetts Railroad and the Troy and Boston Railroad Compa- 
nies, for the contribution by each of those companies, to the 
Commonwealth, in consideration that it shall construct and 
complete the Troy and Greenfield Railroad and pioosac 
Tunnel, of twenty per cent., or one-fifth of their gross earn- 
ings, respectively, upon the passenger and freight business 
coming upon their roads from any part of the Troy and Green- 
field Railroad. This agreement, however, provides for its own 
modification or annulment when the earnings of the Troy and 
Greenfield Railroad shall have reached a point indicative of 
established and permanent success ; the particular tests of that 
success being pre-determined in the agreement. And in this 
connection I have also to invite the attention of the general 
court to a letter from Mr. Brooks, the chairman of the com- 
mission, addressed to myself, bearing date of this day, commu- 
nicating a correspondence between himself and the presidents 
of the Fitchburg Railroad Company and the Vermont and 



6 TROY AND GREENFIELD RAILROAD. [Mar. 

Massachusetts Railroad Company;, Goa^miiig a proposed lease 
of that part of the Troy, and Greenfield Railroads lying east of 
the tunnel, for a period of dx years and pe^iding the construc- 
tion of the tunnel. This negotiation wa^ initiated to enable 
the State to dete^mlpe ifjiethier it would, be wise to complete 
at once the railroad between the eastern terminus, of the tuur 
nel and the town of Greenfield, of which the proposal of th^ 
Fitchburg and the Vermont and M^ssaphusetta Railro£ui Cpni? 
panics, dated yesterday, is a ipaterial encouragements 

I deem it my duty, also, to furnish, for the information of the 
legislature, a letter receired this, day from the (^is^irman of the ^ 
Commissioners, accompanied by a careful atatenaent prepared 
by himself, exhibiting the whole, amount heretofore expended 
upon the construction of that part of the Troy and Greenfield 
Railroad between Greenfield and the tupneh This statement 
exhibits the quantity and kind of work done v^n that piece of 
road before the suspension ol its progress, in the summer of 
1861. The result shows that the Conimonwealth had advanced 
at that time, out of the f650,000, the sum of. #481,428, of 
which amount the company were only entitled to have received 
1350,090, that being the proportion of the f650,000 authorized 
by thie legislature, which the work done beers to the expense 
' of the whole work. In other werds, the Gommonwealth had 
made over-advances eqpal to $131,338,, assuming $650,000 
as the sum which the Commonwealth should furnish in the 
whole under the Act of 1860. And it is further shown that 
this statement is based upon the supposition that the work 
performed had been p^id for, a^d.sp f^r as, it went was a clear 
and unembarrassed security to the State for its advances, which 
infectwa^ not the case, foE of the $175,000 appropriation of 
1862, there is to be paid o.ut towards these very, expenditures 
the sum of $140,226.95, according; to the returns made by the 
Commissioners, acting as auditors under that; appropriation. 
Thus the sum total of our excess of advances becomes 
$271,564.95, on that piepe . of railroad, out of the $650,000 
granted by the. Ac4 of I860, 

The following figu|:es ta^en frcHu the same statement, present 
a view of the amount advanced by thje State on the same piece 
of road in excess of the amount actually thus fa,r expended by 
the contractors upon the work. 



t8«8J] SI!NA.TB— NO. 93. 7 

A-tekWrft «8tdally feki{»h'ae&, .... 'liSS'.TSl 19 
iimerttnt <^f the ab6ve yet to be paid by the State 
dut of the $175,000 appropriation, • . 140,22(5 95 

Amount expended by toiit»ict€lr§, Ibiit not alt 
paid for, as the fl75,0O0 appropriated did iiot 
cover all the liabilities, . . • . . 1^45,504 24 

"Aiiiouftt paid by^the State on the first 
appropriation in sterling at $4.44 
to the pound, .... $50,172 

Difference between $4.44 and the 
real equivalent of the sterling in 
dollars, 6,811 

Amount piaid under the $650,000 

appropriation, « « « « 481,428 

586,911 .00 



Amount advanced by Commonwealth more than 
went into the work, ••••,• $191,406 76 

I congratulate the general court and the people, upon the 
rescue of the Coqimon wealth, and especially of this great 
experimental enterprise, from a position inconsistent with 
economical, safe or even possible success in piercing its moun- 
tain barrier. 

I earnestly and respectfully invite your most candid and 
thoughtful consideration, not only of the specific facts and 
figures which elucidate or express the details of information 
bearing most immediately upon the work contemplated, but I 
also venture to commend to your deliberate judgment the 
arguments and reasoning drawn from liberal and enlightened 
views of* public policy and of public economy, which finally 
lift this subject above all merely local interests or antagonisms, 
into the sphere of statesmanship. And having attentively 
watched the progress of the report of the Commissioners and 
the documents by which it is accompanied, through the press, 
I am prepared to give my own assent to the opinions, with the 
expression of which the Commissioners conclude their discus- 
sion : — 
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'^ By the time the tunnel can be completed, the public interest requir- 
ing it wiU have grown large enough to pay for the outlay. The impulse 
given to business by the new facility would soon fill up the new line, 
and make up the temporary loss felt by any other. 

^ Considering the large sum which the Ck)mmonwealth has already 
invested in this work, which must be sunk if it is not completed ; the 
reasonable protection from loss which is offered by the other companies 
interested in the line; the more intimate relations it may promote 
between Massachusetts and the West ; and the benefits which such an 
additional facility promises to the great interests of the city and State ; 
we are of opinion that the work should be undertaken by the Common- 
wealth, and completed as early as it can be, with due regard to 
economy." » 

JOHN A. ANDREW. 
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Boston, March 12, 1863. 
His Excellency John A. Andrew, Governor of Massachusetts. 

m 

Dear Sir, — With this I enclose to you the Report of the 
Commissioners of the Troy and Greenfield Railroad and 
Hoosac Tunnel. 

I have the honor to be, most respectfully, 

Your obedient servant, 

J. W. BROOKS, Chairman. 
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Boston, March 12, 1863. 

His Excellency John A. Andbbw, Governor of Massachusetts. 

Dear Sir, — I hand you, enclosed herewith copy of a letter 
from myself to the presidents of the Mtchburg, and Vermont 
and Massachusetts Railroad Companies dated the 6th inst., and 
their reply to the same dated the 11th inst., concerning a lease 
of that part of the Troy and Greenfield Railroad east of the 
tunnel. 

The interest at five per cent, upon the cost of completing 
that part of the road, as it shall be from time to time extended, 
to the close of the six years of the lease will amount to about 
*137,000.v 

The sum of the payments offered for the lease is 1129,000. 

The free use of the road and the concessions in rates of 
freight made to the State, will probably save a greater sum 
than the difference between the interest and offered rent. 

The items of expense for which under the lease the State 
would be responsible, will result from defective construction if 
at all, and this correction would in any event be a proper 
charge to construction account. 

Very respectfully, your obedient servant, 

J. W. BROOKS, Chairman. 

P. S. Supposing you might like this information at once, I 
send it to you before having an opportunity to confer with the 
other Commissioners. 
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Boston, March 6, 1863. 

John J. Swift, Esq., President Fiichbwrg Railroad. 
BoBBBT Hale, Esq., President Vermont and Mass. Railroad. 

Gentlemen, — ^The estimate of the cost for completing the 
Troy and Greenfield Railroad from Greenfield to the east end 
of the Hoosac Tunnel is 1497,060. 

A small part of this, perhaps 140,000 or 950,000, need not 
be expended at present, but by letting some of the best trestle- 
works remain in the track until they begin to decay, a part of 
the permanent work can be delayed until the tunnel is near 
completion. 

To enable the State to determine whether it will be wise to 
complete at once the Troy and Greenfield Railroad from Green- 
field to the east end of the tunnel, or rather to the east end of the 
embankment, which is to be made from the tunnel excavation, 
we should like to know for what rent so much of the road can be 
leased for the next six years after it is ready for use, assuming 
that suitable depot buildings and side tracks are provided, and 
a turn-table and temporary engine-house at the tunnel end of 
the line, but no buildings at the Greenfield end. 

Some stone abutments and other masonry, as well as bridges, 
will require to be built after the road is opened for use, the 
greater part most likely not for several years. 

The lease should therefore be upon the condition that if the 
Commonwealth should provide trains for hauling such or any 
other materials destined for renewals or construction, no charge 
is to be made for the use of the track or for water for the 
engines ; the fuel and all other expenses to be borne by the 
Commonwealth, and such trains to be kept out of the way of 
the regular trains and conform to the reasonable regulations of 
the lessee while upon the road. 

If materials or tools are hauled by the lessee for renewals or 
construction, the freight upon the leased road to be charged to 
the Commonwealth at cost to the lessee. 
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It would be best to have the payment consist of a percentage 
of the gross earnings, the lessee guaranteeing that the payment 
shall amount to at least a stated or an increasing sum for each 
year. 

If you will but consider that the rails, ties, buildings, bridges, 
fences and every thing are all fresh and new, that little if any 
renewals will occur during the lease, you will see that it can 
be worked very cheap, probably somewhere between half and 
two-thirds of the usual rate ; and as the business wUl do the 
roads between Boston and Greenfield a great deal of good, 
bringing two or three times as much new earnings to each of 
them as it gets itself, you will see that whatever may be paid 
for it, the direct gain to the lessee, if it be one or both of those 
roads, will be very large. 

A good price will also show faitli in the line, of a practical 
character, and help the success of the whole thing very much. 

Will you be kind enough to give this early attention and 
communicate with me ? 

Very respectfully your obedient servant, 

« 

J. W. BROOKS, Chairman, 
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Boston, March 11, 1863. 

Dear Sir, — In reply to your communication of the 6th inst., 
we are authorized, by votes of our respective boards of directors, 
to make the following proposition to operate that portion of 
the Troy and Greenfield Railroad east of the Hoosac Tunnel, 
say between that point and Greenfield, for a period of six years 
from the time said road is put in complete condition to operate 
by the Commonwealth, including the necessary buildings and 
side tracks along the line, and a turn-table at the tunnel end of 
the line, but no buildings at the Greenfield end ; it being under- 
stood that any and all damage which may arise to any of the 
masonry culverts or bridges, by freshets or otherwise, are to be 
made good by the Commonwealth, and that all slips of earth 
from either the cuts or the embankments, which amount to 
twenty cubic yards or more, shall be made good at the expense 
of the Commonwealth : 

That, for the first year, we will pay as rent the sum of fifteen 
thousand dollars. 

For the second year, the sum of eighteen thousand dollars. 

For the third year, the sum of twenty-one thousand dollars. 

And for the fourth, fifth, and sixth years, the sum of twenty- 
five thousand dollars each year. 

And also permit the Commonwealth to run construction 
trains, to complete any unfinished portions of the work, and 
furnish water, free; all other expenses of such trains to be 
borne by the Commonwealth. 

We also propose to transport all materials and tools for the 
construction of the tunnel, at two and one-half cents per ton 
per mile for first class, and two cents per ton per mile for second 
class freights, over the said leased road. 

This proposition is made with the understanding that the 
Commonwealth shall proceed, with reasonable dispatch, to 
construct the tunnel. 

Respectfully yours, 

JOHN J. SWIFT, President, 
In behalf of the Fitchburg R. R. Company. 

ROBERT HALE, President, 
In behalf of the Vermont and Mass. R. R. Company. 

J. W. Brooks, Esq., Chairman Com^s T. and G. R. R. 
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Boston, March 13, 1863. 
His ExceHency John A. Andbew, Governor of Massachusetts. 

Dear Sir, — Since bandiag yon the report ^ the eommis- 
sioners, I have put together some of the informatioa whieh ha» 
been collected in the course of our inyestigation, which tends 
to show whether the State, under former aj^ropnations, has or 
has not fully paid to the Troy and Greenfield Railroad Company 
such sums as that company was fairly entitled to receiye for 
work performed. I have only had time to make that portion of 
the Statement which applies to the road between Greenfield and 
the tunnel. I may, in a few days, be able to submit a similar 
statement in regard to the payments on account of the tunnel. 
That referring to the road east of the tunnel, I hand you 
herewith. 

I have not been able to confer with the other Commissioners 
in respect to this statement; 

Very respectfully, 

Tour obedient servant, 

J. W. BROOKS, Chairman. 



Statement. 

The Ooxntnissioners of the Troy and Greenfield Railroad and 
Hoosac Tunnel while investigating claims for labor, service and 
materials, tinder section third of the Act containing their 
authority, have necessarily examined the accounts of nearly 
the whole expenditure upon the construction of that part of the 
Troy and Greenfield Railroad between Greenfield and the tunnel. 

About eighty-nine per cent, of this expenditure is from actual 
accounts, leaving but eleven per cent, to be estimated, and this 
is put at the highest rate ^hich was paid for similar work in 
any of the accotmts which have come before them. 

The loan Act of 1859 after providing for certain advances 
upon the completion of two thousand feet of tunnel and a 
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portion of the road, provides that upon the completion of an 
additional one thousand feet of heading in the tunnel and 
grading three miles of the road near Greenfield, the further sum 
of $80,000 shall be advanced. 

According to the prior provisions of this Act $50,000 of this 
was understood to be for the road, and $30,000 for the tunnel 
heading. Under this Act the sum of $50,172 in sterling at 
$4.44 to the pound, was advanced upon the road east of the 
tunnel. 

The loan Act of 1,860 provides for the farther advance of 
$650^000 upon th^ toad east of the tunnel, the deliveries to be 
pro cata with the progress of th#work. 

Tha amount of work done when the estimate was made upon 
which i^a $60,172 was paid^ ijs oertified by Mr. Harley, the 
engineer of the Troy and Greenfield Railroad Company and 
principal contractor, to havabeea'aSffoU<Mr(»:— «• 

Earth work, 48,S64 G«bic yard». 

Loose rock, 500^ cubic yards. 

The highest price that could fairly be put upon this work 
would be sixteen cents per yard for the earth work and fifty 
cents per yard for the loose rock, at vrhidi rates the work upon 
which the $50,172 was advanced, amounted to $7,972.24. 

Paper annexed and marked [A] gives very nearly the total 
expenditures of the principal contractors upon this part of the 
line, and the -items of grading, bridging, masonry, and super- 
structure are as follows : 

Grading, and such masonry as wasi done by the 

sub-contractors, $251,000 43 

Bcidging, and such masonry as is not included 

above, ....... 52,491 40 

Iron, 184,392 27 

Freight, 11,756 10 

Ties, 7,796 25 

Spike, chairs, and laying track, Ac, . , 5,612 45 



.r""^"*"**" 



Total amount es^pende^, • * • $4639047 90 
Deduct amount exjiended ui^d^er $59,000 «(p^Qh 
priatioa, . . . . , . , 7,872 24 

Amount expended under $650,000 appropria- 
tion, $456,075 66 



115 TROY AND GREENFIELD RAILROAD. [Mar. 

All of the expenditure for bridging and masonry is included 
in the above account, though much of it is so wholly unsuitable 
that it cannot be used, and the money paid for it is practically 
thrown away. 

The cost of completing the grading, bridging, masonry and 
superstructure upon this part of the road, is as follows : — 

Grading, $150,499 80 

Masonry, 142,361 00 

Bridging, .... $42,990 00 
Less materials on hand,« . 6,470 00 



86,520 00 
Superstructure, . . . • . . . 65,660 00 



Total amount required to be expended, $395^040 80 

Deduct expenditures required to complete 
t^e road more than would haye been neeessary 
had the work not been stopped, as follows : — 

Additional embankment for a small change in 

line and culvert masonry, . $2,525 00 
Embankment washed away by 

Deerfield River, . . . 2,750 00 



$5,275 00 



Sum required to complete the road when the 

work stopped, $389,765 80 

Amount already expended under the last appro- 
priation, 465,076 66 



Including the cost of tiie worthless bridging, 
the whole amount expended and to be ex- 
pended upon grading, masonry, bridging, 

and superstructure is, ... . $844,841 46 
of which 53^^ per cent, had been done 

when the work stopped in July, 1861 ; a right 
therefore to 53^^ per cent, of the appropri- 
ation of $650,000 had at that time been 
earned, and this amounts to, . . • $350,090 00 
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The advances made by the State on account of the work per- 
formed under the 1650,000 appropriation have been as follows : 



Octobers, 1860, . 

December 12, 1860, 

January 6, 1861, . 

February 18, 1861, 

March 7, 1861, 

April 14, 1861, 

May 7, 1861, . 

June 26,1861, 

July 9, 186], 

The advances to March 7, 
1861, inclusive, were in sterl- 
ing reckoned part at $4.44 
and part at $4.44j%. 

The equivalent in dollars, for a 
pound sterling was at that 
time $4.91 in United States 
gold coin. The difiference 
between $4.44^ and $4.91 
or over-payment is, . 



$64,090 00 
112,190 00 
30,355 00 
23,270 00 
19,890 00 
19,175 00 
61,655 00 
34,645 00 
90,064 00 



26,194 00 



Total amount advanced, 
Amount earned when the work stopped July 

Amount paid more than earned, . 



$481,428 00 

350,090 00 
$131,338 00 



If the cost of the insuflftcient structures had been deducted, 
as they properly should be, from the cost of the work performed, 
thus leaving it at its true relative value to the whole cost of the 
work, the actual over-payments would be shown, and they 
would amount to a much larger sum. 

This statement is thus far based upon the supposition that 
the work performed had been paid for, and so far as it went 
was a clear and unembarrassed security to the State for its 
advances. , This, however, is not the case. Of the $175,000 
appropriation of 1862, there is to be paid towards these very 
expenditures, for which credit has been given, the further sum 
of $140,226.95. This will swell the advances of the State 

3 
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upon the work on which tho $650,000 was to be loaned, up to 
the sum of $621,654.95 ; and the amount advanced more than 
the amount earned, up to $271,564.95 ; or, if no credit be given 
for the poor structures, the over-payments will be fairly stated, 
and will then amount to over $300,000. 

Above is the statement referred to in my letter to Governor 
Andrew of tho 12th March, 1863. 

J, W. BROOKS, Chairmm. 



[A.] 

Amount expended hy H, Haupt Sf Co., upon the TVoy and Greenfield 
Railroad, from Greenfield to the east end of the Ifoosac 7\mneL — 
Distance, SO^^^ miles. 

m 

This portion of the road was subdivided into twenty-four sections by 
the c<9nstructing engineers, commencing at the bank of Green River, 
near Greenfield, and terminating at or near the east end of the tunnel. 

These sections were sublet by H. Haupt & Co., as follows : and the 
estimates quoted are those of the resident engineer, H. Harley, upon 
which the sub-contractors were paid, and are doubtless correct. 

Sections 1 and 2 were let to P. 0. Keefe, and finished by him, for 
which he states that he received a compensation of $18,797. 

Sections 3 and 4 were originally let to a firm of contractors, who 
abandoned the work when they ascertained that they were not to be 
allowed under their contract to fill in the ravines with earth, they 
alleging that this earthwork was held out to them as an inducement to 
bid upon tlie work at lower figures than they would otherwise have 
done. 

As the principal contractors paid for the work already done, and 
finished these two sections themselves, the cost in detail cannot be 
accurately stated. 

The final estimates of the contractor's engineer, Mr. Harley, made by 
him to W. S. Whitwell, State Engineer, July 1, 1861, for work done 
upon Sections 1, 2, 3, and 4, were as follows : — 

78,318 cubic yards earth. 
27,872 « ^< solid rock. 
1,864 " " loose rock. 
954 " " riprap. 
105 " " vertical wall. 
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To which may be affixed the following prices per cubic yard : — 

Earth, SO 20 

Solid rock, 1 00 

Loose, 50 

Rip rap, 75 

Vertical wall, 2 00 

These prices were not part of the estimate made by Mr. Harley, but 
are affixed arbitrarily ; but to be sure and get them high enough, they 
are put respectively at the highest prices paid for similar work to any 
sub-contractor on the line, and they of course include the same amount 
of profit to H. Haupt & Co. as realized by the sub-contractors on other 
portions of the road. 

Sections 3 and 4, at the average prices paid, were among the best for 
a contractor to execute. 

At the prices fixed, the amount for the work specified in 

the estimate quoted is ..... . $45,115 50 

Deducting from this the amount paid P. O. Keefe, . . 18,797 00 



There remains, $26,318 50 

to represent the cost and profit of work done by H. Haupt & Co., on 
iSections 3 and 4. 

The remaining sections were let to the following sub-contractors, and 
their final estimates include all that has been paid to them, as well as 
all that is still due, and are as follows : — 

Amount paid to H. Haupt & Co. brought forward, . $45,115 50 
Section 5. Wells & Perry, work done, . . . 28,864 95 

10,886 58 

24,632 23 

17,115 i9 

9,206 46 

12,685 40 

12,031 92 

5,709 86 

3,829 72 

6,531 70 

6,177 75 

5,300 52 

6,190 92 

4^548 60 

8,788 30 

5,504 45 



6. 
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« 


u 


7. 


(i u 


u 


u 
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B. N. Farren, 


a 


a 
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it 
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Section 21. Wells & Perry, 

22. « " 

23. " « 

24. D. J. Cameron & Co., " 



work done, 

a (( 



u 



it 
a 



Total, 

Of which there remains unpaid, 

in dispute, 

Amount of work actually paid for, 



$11,085 69 

10,605 65 

5,140 00 

11,515 56 

$251,466 95 



$53,798 88 
466 52 



54,265 40. 
. $197,201 55 



Bridging and Masonry, 

No estimates of these items appear to have been made by Mr. Harley 
other than as specified in the sub-contractor's estimates under the head 
of Grading. 

The work of this description was under the charge of E. L. Childs, 
who kept the time-rolls and books appertaining to the work, from which 
these data are furnished. 

Mr. Childs never had any adjustment of account with H. Haupt & 
Co., who are indebted to him for advances and superintendence, in 
settlement of which all bills and time-rolls relating to the work were 
submitted by Mr. Childs, for the purpose of substantiating his claim 
under the Act of 1862. 

These bills aggregate, $62,010 66 

Materials undelivered and also unpaid for, $8,976 58 

Disputed and doubtful, . . . . 541 68 

9,518 26 



Amount unpaid, 



$52,492 40 
18,599 51 



$33,892 89 

No profit either upon labor or material accrued to H. Haupt & Co. 
or E. L. Childs, in this item. 

Iron, 

The Rensselaer Iron Company claim to have delivered 
to H. Haupt & Co. 13,275 bars of iron, weighing 
2,671 tons, 1 cwt, 3 qrs., 241bs., at $50, . • . . $133,554 91 

Which number of bars have been delivered by the Con- 
necticut River Railroad. Company at Greenfield to H. 
Haupt & Co. or his agents. 

They also have delivered two patent frogs, . . . 67 58 

And- paid freight on railroad iron to Greenbush, . . 769 78 
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Making an aggregate of 

Upon which there has been paid 



. $134,392 27 
70,921 98 



Leaving a balance unpaid of ..... 

Freight, 
The freight bill of the Connecticut River Railroad Com- 
pany, on 6,297 bars iron, amounts to $5,312.62 ; at 
the same rate the 6,978 remaining bars delivered by 
them would cost, . . . . 
Bill rendered by Connecticut River Railroad Company, 
Estimated freight on other deliveries, . . . . 

Whole amount expended, 

Of which there has been paid,. . . . . . 



Amount still due, 



Ties. 



The number of ties found upon the road is 31,181 — 
putting the price at twenty-five cents, the highest price 
claimed of the Commissioners on the line, and the 
amount is, . . . . . . 

Of this (here is unpaid, . • «• 

Amount expended by H. Haupt & Co., . . . . 



, MtsceUaneoTis. 




There are outstanding bills as follows : — 




Legal expenses, . . . . 


. $335 25 


Services, 


. 1,446 93 


Labor, ...... 


90 90 


Reconstructing highways, 


. 701 62 


Board bills, laborers, .... 


97 59 


Rent, 


10 00 


Total due, . . . . % 


« • • 



Chairs, Track, S^c. 
A. R. Fields' bill, iron work, . . $2,112 45 



Less balance unpaid, 

200 kegs spike, delivered at $5, . 
Laying five miles track, at $500, . 

Total expended by H. Haupt & Co., 



336 79 



$63,470 29 



$5,887 16 

5,368 94 

500 00 

$11,756 10 

6,387 16 

$5,368 94 



$7,795 25 
3,148 65 

$4,646 60 



2,682 29 
$2,682 29 



,775 66 
1,000 00 
2,500 00 

$5,275 66 
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RECAPITULATION. 




Itrms of Expemdituee. 


Totals. 


Amount unpaid. 


Amount paid. 


1 

Grading and such masonry as was 








done by contractors, . 


$261,000 43 


153,798 88 


1197,201 55 


Bridging and such masonry as is 








not included abore, . 


52,492 40 


18,599 51 


33,892 89 


Iron, . 






134,392 27 


63,470 29 


70,921 98 


Freight, 






11,756 10 


5,368 94 


6,387 16 


Ties, .... 






7,795 25 


3,148 65 


4,646 60 


Legal expenses, . 






335 25 


335 25 


— 


Services, 






1,446 93 


1,446 93 


— 


Labor, .... 






• 90 90 


90 90 


-^ 


Highways, 






701 62 


701 62 


— 


Board bills of men, 






97 59 


97 59 


— 


Rent, .... 






10 00 


10 00 


.. 


Spike, chairs, &c.. 






5,612 45 


336 79 


5,275 66 




$318,325 84 


Add for superintendence and con- 








tingencies, .... 


20,000 00 


— 


20,000 00 


Totals, . 


• 


• • 


»485,731 19 


f 147,405 35 


$338,325 84 
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To His Excellency The Governor, 

and ^ JffonoraMe The JSxeeutwe Council^ 

of the Commonwealth of Massachusetts. 

TsE Commissioners^ appointed under the provisions 
of diapter 156 of the Acts of 1862^ ^ providing for the 
more speedy completion of the Troy and Greenfield 
Railroad and Hoosac Tunnel,** entered upon their 
duties immediately after their appointment, in May 
last, and now beg leave to report their doings and 
the result of their investigations. 

In making this Report, they do not propose to dis- 
ciffis the various branches of the subject in the order 
in which they are mentioned in the law under which 
they are acting, but rather the order in which an 
inquirer would more naturally take up the subject 
for consideration. 

For obvious reasons the investigation of claims for 

labor, service, materials, and land damages was not 

commenced until that possession of the property 

contemplated by the law had been obtained by the 

Commissioners; since which they have given to this 

and the other duties of their commission continued 

attention. 
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POSSESSION. 

Upon the request of the Commissioners, the Troy 
& Greenfield Railroad Company, acting under au- 
thority of section second of the Act before referred to, 
surrendered to the*Commonwealth the road and prop- 
erty of the Company, such surrender having been 
authorized by the Board of Directors by the following 
votes, passed on the 18th August, 1862 : — 

Voted, That the Directors of the Troy <Sk Greenfield Kaikoad 
Company hereby instruct the President to surrender to the Common- 
wealth of Massachusetts, under the several mortgages held by said 
Commonwealtn, all the property of said corporation. 

Voted, That the clerk is hereby ordered to call a meeting of the 
corporation at Greenfield, on the second day of September next, at 
4 o'clock, P. M., to see whether the stockholders will ratify and con- 
firm the vote of the Directors, whereby they instructed the President 
to surrender to the Commonwealth of Massachusetts, under the sev- 
eral mortgages held by said Commonwealth, all the property of said 
corporation. 

At a meeting of stockholders, called in pursuance 
of the foregoing order, and held at Greenfield on the 
2d day of September, 1862, the action of the Directors 
in the premises was ratified by the following vote : — 

Voted, That the corporation hereby ratify and confirm the vote of 
the Directors, whereby they instructed the President to surrender to 
the Commonwealth of Massachusetts, under the several mortgages * 
held by said Commonwealth, all the property of the said corporation, 
and the President is hereby authorized and instructed to execute all 
instruments proper to perfect said siurender. 

On the 4th day of September copies of these votes 
were served upon the Commissioners. 
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On the same day, September 4, 1862, the Commis- 
sioners took quiet and peaceable possession of the 
road and property in each of the towns in which it 
is situated. 

At the same time the Treasurer of the. Common- 
wealth, for default under the mortgages, took a similar 
possession. 

The fact- of taking possession under each of the 
several mortgages has been recorded in the counties 
in which the road and property is situated. 

In accordance with the votes of the Company, its 
President executed a surrender of the property to 
the Commonwealth by an instrument of which the 
following is a copy : — « 

Know all men by these presents, that the Troy & Greenfield 
Railroad Company, a corporation duly established by law, doth by 
these presents 

Surrender unto the Commonwealth of Massachusetts, under the 
several mortgages held by said Commonwealth, aU the property of 
said corporation, real, personal, or mixed, wherever situate, subject 
only to the right of redemption, under the second section of chapter 
one hundred and fifty-six, of the Acts of 1862. 

To have and to hold to the said Commonwealth and its assigns 
forever. 

In witness whereof, the said Troy & Greenfield Railroad Com- 
pany, by Alvah Crocker, the President thereof, thereto duly author- 
ized and empowered by the votes of said corporation and the Directors 
thereof, copies of which are hereto annexed, hath affixed the seal and 
subscribed the name of said corporation, this thirteenth day of Octo- 
ber, A. D. 1863. 

Signed, 

TROY & GREENFIELD RAILROAD COMPANY. 

By AiiVAH Cbocker. [seal.] 

Regarding it as possible that some right might exist 
upon which a question could be raised by the principal 
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contractors adverse to the possession of the property 
by the Commissioners, the following letter was ad- 
dressed to them : — 

Boston, September 23, 1862. 
H. Hatjpt & Co. 

Gents., — I do not know that you claim any right against the 
property of the Troy & Greenfield Raikoad Company, adverse to 
the possession lately taken by the Commissioners. 

As questions in this regard may be raised, and that the contem- 
plated possession may be so full and unquestioned that more money 
may properly be expended upon it by the State, I have to request, on 
the part of the Commissioners, that you will execute and acknowledge 
the paper which will be handed you herewith by Mr. Rice. 

• Very respectfully yours, 

J. W. BROOKS, Chairman. 



The release as first executed was so altered as to 
be of no apparent value to the Commonwealth, and 
another release was afterwards delivered to the Comr- 
missioners, of which the following is a copy ; — 

. Know all men by these presents, that we, Herman Haupt and 
Henry Cartwright, partners, under the name, style, and firm of H. 
Haupt & Co., hereby consent and agree to the possession that has 
been taken by the Commissioners appointed according to the provis- 
ions of "an Act providing for the more speedy completion of the 
Troy & Greenfield Railroad and Hoosac Tunnel," approved April 
28th, 1862, and by the Commonwealth of Massachusetts, by said 
Commissioners and the Treasurer thereof, under the one hundred and 
fifty-sixth chapter of the Statutes of 1862. 

And in consideration of all sums which the Commonwealth will be 
obliged to expend under the said Act, do hereby release all our right, 
title, and interest in and to said railroad, and all the property of said 
Company, in such manner, and to sueh extent, as to give to the Com- 
monwealth priority of title, possession, and use over and above us, or 
either of us, until after all debts and claims now existing, or which 
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may hereafter arise, in favor of said Commonwealth, against said Troy 
& Greenfield Railroad, shall have been fully paid and satisfied ; but, 
nevertheless, reserving all rights or claims which we, or either of us, 
may have against said Commonwealth, for the injustice which by 
said Act has been done to us, or either of us, in consequence of 
which we expressly claim and reserve the right to petition any future 
Legislature for redress of grievances. 

Witness our hands and seals this twenty-third day of December, 
A. p. 1862. 

Witness, • 

Geokge L. Full H. HAUPT. [seal.] 

to H. H. 

L. Y. Walhaven. henry CARTWRIGHT. [seal.] 

In justice to Mr. Haupt, it may be proper that we 
should insert the •^following letter, subsequently re- 
ceived from him, though it is not supposed by us to 
have any legal or equitable significance. 

Boston, January 8, 1862. 

J. W. Brooks, Esq., Chairman of Commissioners T. & G. R. R. 

Sib, — Although aware of the fact that you were transcending the 
authority vested in the Commissioners of the Troy & Greenfield Rail- 
road hy the Act of 1862, and that you were assuming the powers of 
legislators hy imposing conditions not required hy said Act ; yet, to 
mitigate the intensity of individual suffering and remove aU pretexts 
for longer withholding the dishursements of the appropriation for the 
payment of those who had furnished materials and performed services, 
I was induced to execute certain papers relinquishing certain individ- 
ual rights. As you have failed to the present time to make such pay- 
ments, and have given no consideration whatever for the concessions 
made in said instruments, 

I herehy notify you that if said payments are not made on or hefore 
the- first day of Fehruary next, said papers will he withdrawn, and 
will not he recognized hy me as of any binding force or obligation. 

Yours very respectfully, 

H. HAUPT. 
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TITLE. 

The first bond and mortgage given by the Company 
to the Commonwealth is as follows : — 

Know all men by these presents, that the Troy & Grreenfield Rail- 
road Company is held and stands firmly bound unto the Common- 
wealth of Massachusetts, in the full and just sum of four million dol- 
lars, to the payment of which said sum, well and truly to be made, 
the Troy & Greenfield Railroad Company binds itself and it^ succes- 
sors unto the Commonwealth of Massachusetts, and its assigns firmly 
by these presents. 

In witness whereof the Troy & Greenfield Railroad Company has 
caused its seal to be hereunto affixed, and these presents to be signed 
by a Committee and its Treasurer this twenty-eighth day of July, one 
thousand eight hundred and fifty-five (28 July, A. D. 1855). 

The condition of this obligation is such that, whereas, in and by 
an Act of the Commonwealth of Massachusetts, approved on the fifth 
day of April, A. D. eighteen hundred and fifty-four, entitled " an 
Act, authorizing a loan of the State credit, to enable the Troy dc 
Greenfield Railroad Company to construct the Hoosac Tunnel," it is 
enacted as follows : — 

For the Act of April 5, 1854, see "Statutes, 1854, 
chapter 226," the main points of which are as follows : — 

Sect. 1 provides for the issue of $2,000,000 of 5 
per cent, coupon scrip, payable in Boston or London, as 
the Company may elect, " for the purpose of enabling 
the said Company to construct a tunnel under and 
through the Hoosac Mountain, in some place between 
the ^ Great Bend' in Deerfield, being in the town of 
Florida, at the base of the Hoosac Mountain, on the 
east, and the western side of the mountain, near the 
east end of the village of North Adams, on the west/' 

Sect. 2 gives the terms in detail upon which the 
scrip shall be issued. 
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Sects. 3 and 4 relate to sinking fund, and require ten 
per cent, on the amount of each issue of scrip to be 
paid into a sinking fund, and after the road is opened, 
$25,000 per annum. 

Sect. 5 requires the Company to accept the Act, and 
mortgage its railroad income, franchise, and property 
to the State, as security for the loan of scrip. 

Sect. 6 requires the Company to assign the interest 
it has, or may hereafter obtain, in the " Southern Ver- 
mont Kailroad Company." 

Sect. 7 allows the Company to alter the location of 
the road before making the mortgage, and within one 
year, provided the Tunnel be located and built within 
the limits prescribed by this Act 

Sects. 8 and 9 extend time for completing railroad, 
and provide for two State Directors. 

Now, therefore, the condition of the above obligation is such, that 
if the said Troy & Greenfield Railroad Company shall comply with 
the requisitions of this Act, and shall faithfully expend the proceeds 
of said scrip in the construction of their road as provided in said Act, 
asd shall indemnify and save harmless the Commonwealth from all 
loss or inconvenience on account of said scrip or certificates of debt, 
and if said corporation shall and will pay the principal sum of said 
scrip or certificates which may be delivered to their treasurer pimc- 
tuall]!, when the same shall become due, or such part thereof as the 
sinking fund may be insufiicient to pay, and the interest thereon semi- 
annually, as the same shall fall due, then, and on the above conditions, 
the foregoing obligation shall be void and of no effect, but shall 
otherwise remain in full force and virtue. 

OTIS CLAPP, 

WM. A. GALBRAITH, 

WENDELL T. DAVIS, Treasurer. 

Executed and delivered in presence of 

John L. Andeews, 
J. H. Choate. 
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Know all men by these presents, that the Troy &; Greenfield Rail- 
road Company, in consideration of the sum of two millions of dollars, 
paid, or to be paid, by the Commonwealth of Massachusetts, accord- 
ing to the provisions of a certain Act of the Commonwealth, approved 
on the fifth day of April, A. D. 1854, entitled " an Act authorizing 
t^e loan of the State credit, to enable the Troy & Greenfield Railroad 
Company to construct the Hoosac Tunnel," does hereby give, grant, 
bargain, sell, and convey unto the Commonwealth of Massachusetts ' 
the entire railroad of said corporation and its franchises, income, and 
property. 

Also, there is hereby assigned and conveyed all the interest which 
the said Troy &; Greenfield Railroad Company now has, or may or 
shall at any time hereaftea: have or obtain, in the Southern Vermont 
Railroad Company. The intent and meailing hereof being that this 
conveyance shall, as against any claims or incumbrances to which the 
said road, firanchise, or property may be hereafter subjected, operate to 
cover and bind any and all lands included within the location of the 
said road, the title to which, or the easement upon which shall be 
hereafter acquired, and any and all additions which shall be made 
hereafter to said road by labor, materials, or otherwise, and any lands 
hereafter purchased and appropriated for depots for said road, or any 
buildings or fixtures placed thereon, and also any engines, cars, or 
other apparatus which may be placed on said road, or procured there- 
for, as fully as if the said road had been completed, and all the 
property acquired and owned by said corporation at the time of the 
execution of this conveyance, together with all the interest the saM 
corporation now has, or may or shall at any time hereafter obtain or 
have, in the Southern Vermont Railroad Company. 

Provided, that this conveyance shall not be construed to include or 
affect any personal property which shall have been sold by saidr cor- 
poration to a bona fide purchaser before the Commonwealth shall take 
possession thereof under this conveyance. ' 

To have and to hold the said entire railroad income, property, and 
firanchise of the said Troy & Greenfield Railroad Company, and such 
interest as said company now has or may or shall hereafter have or ob- 
tain, in the Southern Vermont Railroad Company, to the Commonwealth 
of Massachusetts, and its assigns, to their use and behoof forever. 

Provided, nevertheless, that whereas in and by the aforesaid Act of 
the Commonwealth of Massachusetts, the Treasurer of the Common- 
wealth is authorized and instructed to issue scrip, or certificates of debt, 
in the name and behalf of the Commonwealth, and under his signature, 
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and the seal of the Commonwealth, for the sum of two miUicm dollars, 
whieh may be expressed in the currency of Great Britain, and may be 
payable to the bearer thereof in London, and bearing an interest of 
five per cent, per annum, payable semi-annually in London, on the 
first day of April and Octob^, or the said scrip may be issued in 
Fedeml currency, payable in Bostcm, ieis the Directors of the Troy <Sc 
Greenfield Eailroad Company shall elect, when they apply for each 
and every issue of said scrip, with warrants for the interest, attached 
thereto, signed by the Treasurer, which scrip or certificates in the cur- 
rency of Great Britain, shall be redeemable in London, and those in 
the Federal currency, in Boston, at the end of thirty years firom the 
date hereof, and shall' be countersigned by the Governor of f^e Com- 
monwealth, and be .deemed a pledge of the faith aad credit of ihe 
Commonwealth for the redemption thereof; and liiat the Treasurer of 
the Commonwealth shall, under the conditions thereinafter provided, 
deliver the same t» the Treasiirer of the Troy 6d Greenfield RaOroad 
Company, for the purpose of enabling the said company to construct 
the Hoosac Tunnel. 

And whereas, provision is made in said Act for the creation of a sink- 
ing fund for the future purchase or final redemption of said acrxp ; and, 

Whereae, it is also provided that no pi^t of said scrip shall be 
delivered to the treasurer of said corporation until said corporation 
shall have executed to the Commonwealth a bond in such form as 
wae prescribed by the Attomey-Oeneral on &e iiummg of the scrip to 
the Western Railroad Corporation, conditioned that sadd Troy & 
Greenfield Raihoad Company shall comply with the provisions of said 
Act, and shall faithfully expend the proceeds of said scrip, as therein 
provided, and shall indemnify and save harmless the Commonwealth 
from aU loss or ineonvenienoe on account of said scrip, and shall well 
and tndy pay the prineipal sum of said scrip punctually when the 
same shall become due and payable, or such part as the sinking fund 
aforesaid shall be insufficient to pay, and the interest thereon semi- 
annually, as the same shall fall due, and shall also assign to th^ Com- 
monwealth, by suitable instrument or instruments, of the same form 
with that, or those prepared by the Attorney-General on the issuing 
of scrip to the Western Raihoad Gorporvtion, 'theft- entire railroad, 
with it& income, and all the jfraochi^^ and })iop^t{|c to,4he«i belongi|)S, 
as a plefi^ or mortgage, to secure the performance of all the condi- 
tions of said bond, and also to assign all the interest said Troy & 
Greenfield Railroad Company now has, or may at any time hereafter 
obtain, in the Southern Vermont Railroad Company ; and, 

2 
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Whereas, the Troy ds Qreenfield Bailroad Company has execated 
to the C<Hnmoiiwealth the bond afioresaid, bearing even date here- 
with; now, 

Therefore, if the said Troy d& Greenfield Raihroad Company shall 
well and truly keep and perform the conditions of said bond, accord- 
ing to their tme meaning and intenty then this deed, and the bond 
af<Hresaid, shall both be void, but otherwise, shall vsmain in fiiU force 
andTirtoe. 

And prodded, also, that the Commonwealth shall not take posses- 
sion of said pledged or mortgaged property unless for a substantial 
breach of some condition of said bond. And the Troy 6z Greenfield 
Railroad Company, for the consideration aforesaid, corenants with the 
Commonwealth of Massachusetts and its assigns, that ihe said cor- 
poration wiU, at any time or times hereafter, on reasonable notice and 
request, execute any other and farther instrument or assurance that 
the Attorney-General of the Commonwealth, for the time being, shall 
advise to be necessary and proper to secure the Commonwealth, or its 
assigns, according to the true intent and purpose of the Act afore- 
said. 

In witness whereof, the Troy 6c Greenfield Railroad Company has 
caused its seal to be hereto affixed, and these presents to be signed in 
its behalf, by Otis Clapp, Wm. A. Galbraith, and Wendell T. Davis, 
a committee duly authorized and appointed for that purpose, and also 
to be countersigned by said Wendell T. Davis, the Treasurer of said 
corporation, this twenty-eighth day of July, A. D. eighteen hundred 
and fifty-five* 

OTIS CLAPP, 

WM. A. GALBRAITH, 

WENDELL T. DAVIS, Treaavrer. 
Signed in presence of 

J. L. Ain)BBws, 
J. H. Choate. 

Subsequent to the execution of this mortgage the 
Company changed the location of their road, excepting 
most of that part lying west of North Adams, and, so 
far as the mortgage depended upon the location, the 
security of the State was endangered. 
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It may be possible that the Act contained in chap. 
117^ Acts 185% by changing the terms of the loan, also 
affected the security of the State. As, however, all the 
loan acts related to the same two millions of dollars, 
and the mortgage clearly intended to cover the whole 
{Hx>perty of the Company, the mere change in the 
terms of the loan, in &.vor of the Company, did not, 
probably, weaken the security. 

In this Act, sections 1, 2, and 3 modify the terms upon 
which the State scrip may be issued to the Company. 

Sect 4 provides that the preceding section shall be 
substituted for sections 2 and 3 of chapter 226, Acts 
1854, ^ which are hereby repealed." 

Sect 5 extends time for completing the road. 

Sect 6 relates to stock subscriptions. 

Sect 7 requires the Act to be accepted by the Company. 

In 1860 the terms of the loan were again modified, 
by an Act contained in chapter 202 of the Acts of 1860. 

Sect 1 requires the Company to make and file a loca- 
tion of their line forthwith, and limits the grade and 
curvature as compared with the Pitchburg, and Ver- 
mont & Massachusetts Bailroads. 

Sect 2 divides the new issues of scrip between the 
unfinished Railroad and the Tunnel, assigning a fixed 
amount to each ; no more to be issued till the Company 
assent to the Act ; locates its line, and makes a further 
mortgage to the State, and provides that said bond and 
mortgage, and other assurances, and all bonds, mortga- 
ges, or other assurances heretofore made to the Com- 
monwealth by said Company, shall have priority to, 
and be preferred before, any and all attachments or 
levies on execution heretofore or hereafter made. 

Sect 3 provides for a State engineer, specifies his 
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duties, regulates the delivery of scrip, fixes the char- 
acter of the work, and gives the Governor and Council 
supervision of it. 

Sect. 4 relates to pa3rmettt on account of interest and 
sinking fund. 

Sects. 5, 6, and 7 relate to crossing highways (State, 
town, and city), Directors, and capital stock. 

Sect 8 authorizes purchase of Southern Vermont 
Railroad, and provides $200,000 of scrip to pay for 
it, fixing the terms of payment 

Sect 9 repeals inconsistent Acts, provided such repeal, 
nor any thing in this Act, shall impair the security which 
the Commonwealth has^ or may hereafter have, by force 
of the bond and mortgage now held by the State on 
the franchise, railroad, and property of the Company. 

4 

Under this Act the Company made to the State the 
following mortgage, dated July 6, 1860 : — 

Know all men by these presents, that, t^herea», in and by an Aet 
of the General Court of the Commonwealth of Massachusetts, ap- 
proved by the Oovemor on the fourth day of April last past, enti- 
tled " an Act in addition to an act authorizing a loan of the State 
credit, to enable the Troy & Greenfield Railroad Company to con- 
struct the Hoosac Tunnel,*' the said Raifroad Company are reqfuired to 
file a location of theif entire road and tunnel in the manner and fbrm 
in said Act prescribed ; and« whereat* it is also provided in said Act, 
that no delivery of the State scrip, heretofore authorized to be deliv- 
ered to said Company, shall be made until such location shall have 
been duly made, and said Company shaD have executed to the Com- 
monwealth such further bond and mortgage, or other assurances of 
title, on their franchise, raib^oad, or other property, as the Attorney* 
General shall prescribe, for the fiorther aeettrity of the Common- 
wealth ; and, wh^eas, the said Company have fully complied with all 
the requirements of said Act, in relation to the making and filing of 
said location ; 

Now, therefore, the said iTroy & Greenfield Railroad Company, 
a corporation established by law, in consideration of two million 
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dollars, paid, or to be paid, by tlie Commonwealth of Massachusetts, 
according tor the provisions of the several acts relating thereto, does 
hereby give, grant, bargain, sell, convey and confirm, unto the said 
Commonwealth of Massaehusetts, '^e entire raihroad of said corpora- 
tion, and all its franchises and property whatsoever ; and doth hereby 
ratify and confirm all bonds, mortgages, and other conveyances and 
assurances heretofore executed and delivered by said corporation to 
said Commonwealth ; the intent and meaning hereof being to con- 
vey and confirm, as aforesaid, to said Commonwealth, all lands, build- 
ings, and tenements, and all interests and easements therein, that 
said corporation now has, or hereafter may acquire, within the limits 
of the location, made and filed as aforesaid, and to confirm all former 
conveyances, bonds, and mortgages, heretofore made, as aforesaid. 
Provided, that this conveyance shall not be construed to include, 
or affect, any personal property, which shall have been sold by said 
eorpcMration to a bona fide purchase, bfifdore the Commonwealth shall 
take possession thereof, under this or some other conveyance ; 

To have, and to hold, the franchises, property, and premises, 
kereby conveyed to the said Commonwealth and its assigns, to 
their use and behoof fof ever. 

Provided) nevertheless, that . if the said Troy & Greenfield Rail- 
road Company shall well and truly do and perform, all and every, the 
obligations* duties, covenants> and agreements, by them heretofore 
undertaken, covenanted^ and agreed to be d.one and performed, in the 
several bonds, mortgages, and conveyances, heretofore made and 
delivered by them to said Commonwealth, and Bhall» also, weU and 
truly do, perform, and observe, all the terms, conditions, and require- 
ments of the several Acts of the Qen^al Court, heretofore passed, 
or that may be hereafter passed, relating to said railroad and tunnel, 
and to the loan of the State credit in aid th^eof, cuid shall also exe- 
cute and deliver to the said Commonwealth, or its assigns, any other 
or furth» assurances, conveyances, or instruments, that the Attorney 
General of said Commonwealth for the time being shall advise to be 
necessary to secure the Commonwealth, or its assigns, according to 
the true intent and purpose of said several acts, upon reasonable 
notice, then ik.i» deed shall be void, otherwise, in full force and virtue. 

In wjtneM whereof, the said Troy 6& Greenfield Kailroad Com* 
pany has caused its corporate seal to be hereto affixed, and these 
presents to be signed by D. N. Carpenter, H. Haupt, and E. G. 
Lainson, in its behalf, a committee duly authorized and appointed 
for that purpose, and also to be countersigned by Wendell T. Davis, 
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its Treasurer, this sixth day of July, in the year one thousand eight 
hundred and sixty. "^ 

Signed, D. N. CARPENTER, 

H. HAUPT, [sEAi..] 

E. G. LAM80N, 
Countersigned hy 

WENDELL T. DAVIS, Treasurer. 
Acknowledged July 9, 1860. 

This mortgage, as qualified by the clause heretofore 
quoted from sect 2 of chap. 202, Acts 1860, though not 
perhaps as full as could be desired, appears a reason- 
able compliance with the act requiring it 

On the 5th of April, 1862, another mortgage was 
given to the State, as follows : — 

Know all men hy these presents, that the Troy dz; Gh'eenfield 
Railroad Company, a corporation estahlished by law, in considera- 
tion of the sum of one dollar, and other valuable consideration to 
the said corporation, paid by the Commonwealth of Massachusetts, 
the receipt whereof is hereby acknowledged, does hereby give, grant, 
bargain, sell, convey and confirm, to the said Commonwealth of 
Massachusetts, all the firanchises and property whatsoever, real, per- 
sonal, and mixed, of said Troy & Greenfield Railroad Company; 

To have and to hold the said franchises and property, real, per- 
sonal, and mixed, above granted to the said Commonwealth, and its 
assigns, to their use and behoof, forever. 

Provided, nevertheless, that if the said Troy & Grreenfield Rail- 
road Company shall well, and truly do and perform, all and every, 
the obligations, duties, covenants, and agreements, by them hereto- 
fore undertaken, covenanted, and agreed to be done and performed, 
in the several bonds, mortgages, and conveyances, heretofore made 
and delivered by them to said Cammonwealth, and shall also well 
and truly do, and perform, and observe, all the terms, conditions, 
and requirements, of the several Acts of the General Court of said 
Commonwealth heretofbre passed, then this deed shall be void, oth- 
erwise, in full force and virtue. 

In witness whereof, the said Troy & Greenfield Railroad Com- 
pany has caused its corporate seal to be hereto affixed, and these 
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presesits to be ^gned by Alvah Qrocker, President of said corporation, 
thereto duly authorised this fifth day of April, eighteen hundred and 
sixty-two. 

Signed, A. CROCKER, President. 

Acknowledged April 7, 1862. 

Immediately after the date of the first mortgage to 
the State a second mortgage was made by the Compa- 
ny to other parties, to secure the payment of ^900,000 
of bonds, as follows : — 

Know all men by these presents^ that, whereas, the IVoy 6i Green- 
field Railroad Company, a corporation estaUished in the Common- 
wealth of Massachusetts, have heretofcwe entered into an agreement 
with Edward W. Serrell, of the City, County, and State of New York, 
civil engineer, for the construction of the Troy ^ Greenfield Railroad, 
and by the terms of a certain contract between them and its supple- 
ments, it is provided, «mong other thii^s, that said Serrell shall receive 
from sud corporation, in part compensation for the work of con- 
structing their raihroad, nine hundred bonds of said corporation, for 
the sum of one thousand dollars each, bearing date the 30th day of 
July, A. D. one thousand eight hundred and fifty-five, and are all 
payable thirty years thereaft^, with interest at the rate of six per 
cent., payable at Boston, in the County of Sufiblk and Common- 
wealth aforesaid ; and, whereas, at a meeting of the stockholders of 
said corporation, holden at Greenfield, in said Commonwealth, on the 
twenty-sixth day of July current, it was voted *' that the Board of 
Directors of such corpofation, by themselves, or by a committee duly 
authmzed and appointed for that purpose, should execute such mort- 
gage or other instrument, to be countersigned by their Treasurer, as 
might be necessary, to secure the payment of said bonds and the in- 
terest thereon;" and, whereas, afterwards, at a meeting of the 
Board of Directors of said corporation, at said Greenfield, held on the 
same day, Otis Clapp and William A. Galbraith were, by a vote of 
said Board of Directors, duly appointed a committee, with said Treas- 
urer to countersign, to carry out the purpose of the vote of said stock- 
holders above specified, and to make and execute in behalf of said 
corporation such mortgage, or other instrument as might be necessary 
to secure the payment of the principal and interest of the said bonds 
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when the same Qhall respectively faJl . due, aitd to coavey m mort- 
gage to three Trustees, for the said purpose, the eutire railroad of said 
corporation, with its franchise and fixtures, cars, engines, and other 
prgperty which now belong to it, and shall be hereafter acquired by it, 
subject only to the prior lien of the Commonwealth of Massachusetts, 
under a mortgage, made under the provisions of the Act of May 5th, 
1854, to secure to it the amount of an issue of two millions of dol- 
lars of State bonds, with interest at five per cent., which said. Common- 
wealth is to issue to said Corporation, to enable them to construct the 
Hoosac Tunnel; and, whereas, Jerome V. C. Smith, Paul Adams, 
and John G. Davis, all of said Boston, have been duly selected Trus- 
tees for the holders of said Serrell bonds. 

Now, therefore, the said Troy & Grreenfield Railroad Company, in 
consideration Qf the premises, and of ooe dollar, and other adequate 
considerations to them paid, by Jerome V. C. Smith, Paul Adams, and 
John G. Davis, all of Boston, in said Commonwealth, gentlemen, 
the receipt whereof is hereby acknowledged, do hereby grant, bar- 
gain, assign, and convey unto them, tibe said Smith, Adams, and D&- 
vis, the entire railroad of said corporation, lying in the counties of 
Franklin and Berkshire, in said. Commonwealth, and extending from 
U point near the line between the towns of Greenfiield and Deerfield, in 
said Franklin, to the State line in Williamstown, in said Berkshire, 
together with its franchise, real estate, fixtures, stations, buildings, 
cars, engines, equipage, tools^ and other property which now belong 
to, or shall hereafter be acquired by, said corporation, subject only to 
the prior mortgage to the said Commonwealth above specified. 

To have and to hold the same to them, the said Jerome V. C. 
Smith, Paul Adams, and John G. Davis, and the survivor of them, 
his heirs and assigns forever. 

Provided, nevertheless, that if the said corporation, their success- 
ors or assigns, shall duly pay the interest and principal of said bonds, 
which shall be issued under the contract with said Serrell, as the 
same shall become due, then this deed shall become void. 

And provided, further, that the said Trustees shall not hereby incut 
any liability, except that each of them shall be liable for his gross 
neglect and wilful default. 

And provided, further, that in case either of said Trustees shall die 
or resign, the survivors are hereby empowered to fill vacancies, and by 
any instrument in writing to designate a successor, and to associate 
him with them in the same trusts, and vest in him jointly 'vnth them 
the mortgaged property in trust as aforesaid. And the new Trustees 
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m^ty in the same manner, from time to time, fill all vacancies, and 
continue the trust. 

And. provided further, that in case it shall become necessary or expe- 
dient to make any change or modification of this instrument, in order 
to secure to the State its prior lien Ibr its loan of two millions of dol- 
lars, and interest herein before referred to, said Trustees shall have 
full power to permit £uch change or modification, and the same may 
be made by such corporation, in such manner, however, as to preserve 
the rights of the bondholders under this instrument to a lien upon the 
mortgaged premises, second only to that of the State, for such two mil- 
lions of dollars and interest, otherwise it shall be and remain in i^ll 
force and virtue. 

Provided, however, that neither said Trustees, their successors or 
assigns, shall take possession of the mortgaged premises except for 
some substantial breach of the conditions of said SeAell bonds. 

In witness whereof, the said Troy & Greenfield Raiboad Company, 
by Otis Clapp, William A. Galbraith, and Wendell T. Davis, their 
Treasurer to countersign, a committee duly appointed by the Board 
of Directors of said Company, as within mentioned, have caused 
these presents to be executed, and their corporate seal to be affixed, 
this thirtieth day of July, A. D. one thousand eight hundred and fifty- 
five. 

Signed^ 

OTIS CLAPP, 

WM. A. GALBRAITH, 

WENDELL T. DAVIS, Treasurer. 

Acknowledged, Aug. 18, 1855. 

Tte statute in relation to railroad mortgages, chapter 
286, Acts 1854, authorizes the issue of bonds to fund a 
debt or borrow money. The issue sought to be secured 
by this mortgage was not for either of these purposes, 
but by its terms to pay a contractor for work yet to 
be done. 

Tlie statute restricts the amount to not exceeding 
the amount of stock paid up, whereas the amount of 
bonds in this case was many fold the amount of paid 
up stock. 

The statute provides that the bonds issued shall be 

8 
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for a period not exceeding twenty years. These are 
made for thirty years. 

The franchise cannot be sold or mortgaged without 
permission from the Legislature, which in this case has 
not been given. 

In Massachusetts, such a mortgage cannot attach to 
after-acquired property. If the first mortgage to the 
State sustained any injury, jfrom changes made in the 
location of the line subsequent to its execution, the 
second mortgage has been equaUy damaged. 

From these considerations it is apparent that wheth- 
er the mortgage was intended to be made in piursuance 
of the statute above quoted or otherwise, as against 
bona fide creditors, it is radically . defective, and for 
these and other reasons has probably but little if any 
value, even as against the Company. 



Southern Vermont Rcubroad. 

The Southern Vermont Railroad was leased to the 
Troy & Boston Railroad Company, by a lease dated 
November 26, 1856, but not executed until a later 
date, certainly not before January 2, 1857. It was re- 
corded March 10, 1858, 

This lease is for the term of the charter of the cor- 
poration, and for any renewals of the same : it is there- 
fore perpetual 

In this lease are the following clauses : — 

** It being understood and allowed, however, that until the comple- 
tion of the Hoosac Tunnel, timber sfbutments for bridges on each 
bank of the Hoosac River may be used, and that a six degree curve 
may be used to avoid the thorough cut at or near the State line of 
Massachusetts at the eastern end of the road." 
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*^ It is also agreed that the temporary structures and location 
agreed to in this contract shall he changed and reconstructed in a per- 
manent and satisfactory manner, at or hefore the time of completion 
of the Hoosac Tunnel, and if not se completed within one year from 
that time, the Troy Ac Boston Company shall have the right to make 
the alterations and reserve three thousand dollars per annum from the 
pay to be applied to this object until completed. 

*' The said road and fixtures to be kept in good repair at the expense 
of the said party of the second part during the continuance of the 
lease, except that in case of casualty happening to the temporary 
structures herein before named, then and in that case the expense of 
repairs shall be bcHiie by said Southern Vermont Railroad Company." 

The sum to be paid for the use of the rpad is twelve 
thousand dollars per annum, subject to a reduction for 
the cost of repairing temporary structures in case of 
casualty, and at or before the completion of the Hoosac 
Tunnel, subject to additional reduction of three thou- 
sand dollars per annum for some years, or the altemar 
tive of an increased expenditure on capital account, to 
make permanent, certain temporary works, as explained 
in the clauses quoted above. 

On the 21st day of April, 1860, the Southern Ver- 
moot Railroad was sold to the Troy & Greenfield 
Railroad Company, the latter Company having been 
authorized to make the purchase by the Act contained 
in chapter 202 of the Acts of 1860. 

To make this purchase the State advanced to the 
Troy & Greenfield Railroad Company two hundred 
thousand dollars, taking as security a mortgage upon 
the property. 

For the lease of the Southern Vermont Railroad, and 
its sale to the Troy & Greenfield Railroad Company, 
and mortgage to the Commonwealth, we beg to refer 
to the Report of the Attorney-General, in Senate Doc. 
No. 157, for 1862. 
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This piece of road was an easy line to build, and 
probably did not cost above from $110,000 to $125,000 
to construct 

The object in paying so large a profit, or, in fact, the 
object in buying the road at all, is not apparent. It 
having been permanently leased to another company, 
no authority or control whatever was acquired over it 
by the purchase. As long as the rent is paid, it is as 
independent of the present owner, as the New York 
Central, or the London and Birmingham Roads. 

Troy and Greenfield Lease to Troy and Boston RaUroad 

Company. 

THiat part of the Troy & Greenfield Railroad lying 
between North Adams and the Vermont State line, ' 
about 6 80-100 miles in length, is operated by the 
Troy & Boston Railroad Company, under a lease, of 
which the following is a copy : — 

These Ardcle« of Agreement, made this 2 let day of November, 
A. D. 1856, by and between the Troy & Gresiifield Railroad Company 
of Massachusetts, of the onet part, and the Troy & Boston Railroad 
Company of the State of New York, party of the second port : 

Whereas, the said Troy & Greenfield Hailroad Company have con- 
tracted with H. Haupt & Co. for the building of their raikoad from 
Greenfield to the State line, at or near Williamstown, including the 
Hoosac Tunnel ; and whereas, that portion of said road lying between 
the Pittsfield and North Adams Railroad depot, in North Adams village, 
and the State line of Vermont, is expected to be shortly finished, and 
it is desirable that the same shall be brought into use ; now, therefore, 
these presents witness, that the said Troy & Greenfield Railroad Com-* 
pany does hereby agree to let and lease unto said Troy & Boston 
Railroad Corporation said piece or part of said Troy & Greenfield 
Railroad when finished, together with the lands, buildings, etc., belong- 
ing, or that shall belong, to said corporation at North Adams, and 
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along said line to the Vermont line near Williamstown, said lease to 
continue until the completion of the Hoosac Tunnd, and no longer, 
and then the road and fixtures to be restored to said party of the first 
part, in good repair and condition. 

The said railroad to be well and substantially built, and finished at 
the same time with the Southern Vermont Railroad, and to be then 
delivered to said party of the second part. 

And the said Troy & Boston Railroad Company on their part agree 
and bind themselves to pay for the use of said railroad, as before herein 
described, the sum of eight thousand dollars per annum, during the 
time the same shall be held by the said corporation, and in that pro- 
portion for any lesser time. The same to be paid as follows : Four 
thousand dollars six months after the completion and delivery of the 
road and its acceptance, and the like sum semi-annually there- 
after. 

And on failure to pay the said sum or sums, the said party of the 
first part may resume said road and run the same, and in case the net 
earnings are insufiicient to pay said rent, the said Troy dz; Boston 
Company shall be liable for the balance. 

And it is further agreed and understood by and between the par- 
ties hereto, that they shall use their influence to bring about a proper 
and equitable consolidation of the Troy & Boston, Southern Ver- 
mont, Troy & Greenfield, Vermont & Massachusetts, and Fitchburg 
Railroads. 

After the completion of said Hoosac Tunnel, if the Troy & Green- 
field Railroad Company should run and operate the road to Pownal 
line, then it is agreed that the said Troy ^ Boston and Troy ^ Green- 
field shall run in connection with Southern Vermont and Troy ds Bos- 
ton Companies solely, and divide the receipts for freight and passen- 
gers that shall pass from one railroad to the other pro rata, — that is, 
each road shall receive an equal amount for equal distance on said 
joint business between the village of North Adams and all ppints on 
the line of the Tr^ & Boston Railroad and Swithem Vermont Rail- 
road. 

The Troy dc Greenfield Company to furnish or provide such freight 
and passenger depot accommodations, turn-tables, wood-sheds, and 
^ater-tanks, and supply of water, as may be necessary for the con- 
venient use of the road at Adams, and ot^er points where neces- 
sary. 

In testimony whereof, the said Troy dc Boston and "troy dc Green- 
field Railroad Companies have executed these presents by their respec- 
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tive Presidents and Secretaries, and caused their respective corporate 
seals to be hereunto affixed the day and year first within written. 

D. N. CARPENTER, 
President Troy & Greenfield B, E. Co. 

W. T. DAVIS, 
Clerk Troy db Greenfield R. E, Co. 

D. THOS. VAIL, 
President Troy d: Boston B. B. Co. 

JARED REED, 
Secretary Troy & Boston B. B. Co. 

In presence of 

C. B. Russell, 
As witness to signatures of D. Thos. Vail and Jabed Reed. 
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The whole amount of State scrip advanced to the 
Troy & Greenfield Railroad Company, is as follows : — 



Date of Advance. 


Sterling Bonds. 








1858, October 6. . 


£22,500, 


equal 


in 


dollars to . 


. $110,475 00 


1859, October 4. . 


11,200, 






»» 


54,992 00 


1860, January 3. . 


11,300, 






it 


. 55,483 00 


" Marcb 1 . 


6,800, 






«( 


33,388 00 


•* October 8. . 


18,000, 






i« 


. 88,380 00 


" December 12, 

• 


26,500, 






«« 


. 130,115 00 


1861, January 5. 


7,500, 






(( 


. 36,825 00 


** February 18. 


5,800, 






t* 


. 28,478 00 


" March 7. 


4,900, 






•• 


. 24,059 00 


« April 15. 
" May 7. 


, in dollar bonds, 

> 


! 


• • • . 


. 85,500 00 


" June 26. 


« 

• 


«( 




. • • • 


. 37,500 00 


" July 9. 


> 


*( 




• • . • 


. 93,500 00 



Total amount adyanoed, $778,695 00 

The amounts which have been received on account of 
the aiuking fund, and the interest thereon, to January 1, 
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1863, compounded annually at five per cent., are as 
follows : — 



I>ate of Paymeiit. 
1858, December 31, 

1860, May 7, . . 
" October 8, . 

1861, May 8, . . 
June 29^ . . 

Add interest, 



it 



Amoant. 
• 9,990 GO 
4,972 80 
8,036 40 
23,111 11 
4,852 46 
6,087 69 



Interent. 

•2,155 59 

688 65 

927 10 

1,944 23 

372 12 

•6,087 69 



Valueof sinking fund, Jan. 1, '63. $57,050 46 



The interest on the loans, which has been left un- 
paid by the Company and advanced by the Common- 
wealth, and the interest thereon to January 1, 1863, 
compounded at five per cent, is as follows : — 

Date: Amount advanced. Interest. 

October 1, 1861, .... $15,037 78 ... . $949 27 

April 1, 1862 21,844 23 .... 81916 

October 1, 1862, .... 23,539 72 ... . 294 25 

Add interest, . . . 2,062 68 

Amount of accrued interest on \ $2,062 68 

State scrip from Oct. 1, 1862, > 9,733 69 

to Jan. 1, 1863, . . . . i 

$72,218 10 

Amount of loan advanced, : • • $778,695 00 

Add interest to January 1, 1863, 72,218 10 

Total amount of advance and interest, $850,913 10 

Deduct value of sinking fund, January 1, 1863, . . 57,050 46 

Net amount of advance, January 1, 1863, .... $793,862 64 
Add amount to be paid under act of 1862, .... 175,000 00 

Total amount, $968,862 64 

We have left out of this account the $200,000 ad- 
yanced on the Southern Vermont Railroad, regarding 
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that as an outside transaction, and not connected with 
either the completion or control of the Troy & Green- 
field Eailroad or Tunnel. We have also, for the same 
reason, taken from the interest actually paid the inter- 
est upon this advance. 

In reducing the sterling bonds to their equivalent in 
dollars, we have estimated the £ sterling at $4.91^ 
though we understand it was charged to the contract- 
ors at $ 4.44.4. 

At the time of the delivery of sterling scrip, rejecting 
minor fractions, a £ sterling could be bought or sold 
in this market for $4.91 of United States gold coin. 
If the coin had been taken to England, $4.90 could 
there have been exchanged for the £ sterling. The 
equivalent then for a £ sterling was here $4.91, and 
in London $4.90. 

We have estimated it at $4.91, because the election 
between dollar and stealing bonds was to be made here, 
and because it will cost the State the equivalent here, 
and not the equivalent in London, to pay the bonds, 
the difference being cost of transportation, &c. 

In July, 1842, Congress enacted the following 
law : — ' 

"Be it enacted by the Senate and House of Representatives of the 
United States of America in Congress assembled, That in all pay- 
ments by or to the Treasury, whether made here or in foreign coun- 
tries, when it becomes necessary to compute the value of the pound 
sterling, it shall be deemed equal to four dollars and eighty-four cents, 
and the same rule shall be ap^died in appraising merchandise imported 
where the value is by the invoice in pounds sterling." 

'* And be it further enacted. That all acts and parts of acts incon- 
sistent with these provisions, be and the same are hereby repealed." 

Undet this law, invoices made out in sterling are 
estimated at $4.84 to the £, for the collection of duties 
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on imports. Tb this and many other purposes such a 
law is applicable and necessary, but it cannot alt^r the 
relative value of sterling and federal money. 

We do not feel certain that the government rate of 
^4.84 is not the legal rate at which to estimate the <£ 
in this case, but reason and equity seemed so strongly 
in favor of adopting the real equivalent that we have 
put it at $4.91. 

The amount advanced in sterling was, £114,500 00 



Estimated at $4.91 to the £, it amounts to, . . . . $562,195 00 

It was charged to the contractors at, 508,888 00 

The difference is, $53,307 00 

The interest which has been paid by the Common- 
wealth upon this overpayment is, 4,943 81 

Making the total to January 1, 1863, . . . $58,250 81 



COST OP COMPLETION, TUNNEL EXCEPTED. 

In making the necessary surveys, examinations, and 
estimates of cost for completing the road, the Commis- 
sioners desired to employ not only a man of suitable 
qualifications, but one who had not been previously 
connected with the work. 

They selected James Laurie, Esq., of Hartford, Conn., 
a gentleman of acknowledged ability and integrity, 
whose estimates they regard as trustworthy and reli- 
able. 

He entered upon his work immediately after posses- 
3ion of the property had been acquired by the Com- 
missioners. As his investigations required the careful 
examination of old, as well as the estimates in respect to 
new works, the time consumed has been considerable, 

4 
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though not longer than was anticipated by the Com- 
missioners. 

^ In regard to the character of road required, the 
Commissioners felt bound to follow, as far as they were 
able to learn it, the intention of the Legislature. In 
looking for this, they found one of the main reasons for 
the advance of State credit to be the precedent in the 
case of the Western Railroad. 

The security required by the Loan Act of 1859, for 
the issue of its credit, was to be similar in form to the 
security required of that Company. 

If a road be constructed of a c6mparatively inferior 
character, the evident intention of the Legislature will 
not be complied with. 

We do not think the following clause, from section 3 
of the Loan Act of 1860, (chapter 202,) inconsistent 
with this view : — 

" No expenditures shall be required merely for the purpose of orna- 
ment, but the work shall be substantially performed, and the rails 
shall weigh not less than fifty- six pounds to the lineal yard. For 
any defective materials or work, a proportionate amount of scrip 
shaU be withheld." 

The intention of the law, as we understand it, does 
nat conflict with our view of the character of the work 
required, when regarded simply in the aspect of a com- 
mercial undertaking. 

The object sought to be accomplished by its con- 
struction is wholly inconsistent with the idea of an in- 
ferior road, which could only be operated at high cost, 
but requires a road which can be worked at the lowest 
rate, to give to it and the public the full value of any 
physical advantage it may possess. 

The cost of the Tunnel is too great to be constructed 
for the convenience of a poor railroad. 



CHARACTER OP THE LINE. 27 

For local accommodation, the Tunnel is not required ; 
for through traflSc, in connection with a second class 
railroad, it would be useless. 

Mr. Laurie was, therefore, instructed to adopt as a 
standard for the quality and general character of con- 
struction the Western Railroad of Massachusetts. 

His able Report will be found in the Appendix, and 
should command attention for its historical account 
and commercial discussion of this enterprise, as well 
as the more professional portion of it, relating to the 
cost and character of the work. 



Character of the Line. 

The line, as now located, is essentially a contractor's 
line ; such a one as might fairly be anticipated where 
the contractor and engineer were the same person, 
intensified, if possible, by his controlling a majority of 
the stock. Every thing has apparently been sacrificed 
to save present outlay. That we do not advise the im- 
mediate abandonment of a considerable portion of it, 
is because of the large amount of work already done 
upon the most objectionable parts of the line, and the 
small amount of business to be done upon it until the 
Tunnel is completed, to which period, under existing 
circumstances, its improvement may wisely be deferred. 

The general characteristics of the line between 
Greenfield and North Adams are as follows : — 

Length of curves of 716^{y feet radius, 0.794 miles. 

" *' " " 764 to SlSy^ " 0.387 ** 

** " " ** 955 "..... 7.101/ ** 

" " " *'*1146tol432-^ ** 4.425 *' 



*' ** *' " 1910 to 2865 " 2.426 *' 



" " straight line, . . . .. 21.885 '* 



Total length, . . . .37,018 



(i 
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The total curvature is 4030 degrees. 

The total rise and fall is 1046^®|y feet. 

The controlling grade, rising west, is 5S^j^^ feet per mile, on a 
cur^e of 955 feet radius. 

This is also the steepest grade rising west. 

The controlling grade, rising east, is 39^^^ feet per mile, on a 
curve of 955 feet radius. 

Steepest grade, rising east, 40 feet per mile, on a curve of 1432^ 
feet radius. 

Distance from Greenfield to Shelburne Falls, . . . 13.13 miles. 
" " Shelburne Falls to east end Tunnel, . . 17.02 " 

Length of Tunnel, 4.84 " 

Distance from west end of Tunnel to North Adams, . 2.03 " 



37.02 « 
Distance from North Adams to the Vermont line, . . 6.15 " 

Total length of road, 43.17 " 



Slopes. 

No doubt is entertained by the Commissioners that 
the slopes in all the earth cuttings, with possibly small 
exceptions, should be at least as flat as one and a half 
feet horizontal to one foot vertical. 

It is impracticable to keep a road in good working 
order unless the ditches are kept clear and the road 
bed well drained ; and this it is very difficult to do, if 
the slopes are not flat enough to keep the earth in 
place, and prevent its constantly filling them up. 

After the road is opened for use, the road repairers 
cannot do the work of clearing them from these accu- 
mulations to any advantage, for the filling up occurs 
in wet weather, when the track requires more attention 
and Ip-bor, and when the very filling up of the ditches 
will call for a largely increased force to keep up the 
track, which will get out of order at once with the 
stoppage of the drainage. 
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Besides the increased cost of track repairs thus occa- 
sioned by the steep slopes, the frequent removal of the 
small quantity of earth as.it washes down, filled with 
water, will cost much more than to do it all at once, 
while the work is constructing. Its after excavation, 
directly and indirectly, will cost several times the ex- 
pense if incurred at the proper time. 

Besides the washing being aggravated by the steep 
slopes, they cause frequent slides of large bodies of 
earth, covering up the track and stopping the traffic ; 
and in the case of this road, where many of the cut> 
tings are filled with boulders and loose rock, great 
danger would result from their rolling down upon the 
track, which in many places is sb obscured by the sharp 
curvature as to give the enginemen but a very short 
view of the track ahead. 

Since the work has been stopped, most of the slopes 
which were left at an inclination of one to one, have 
run down to about 1\ to 1, and numerous slides of 
considerable magnitude have occurred, and this with- 
out the vibration of passing trains, which, after the line 
is opened, will greatly aggravate this tendency. Some 
small improvements have been made in the line at 
places where but little additional expense would be 
incurred, increasing the earthwork about 10,000 yards^ 
and the culvert masonry about 175 yards, and the cost 

If the embankments along the Deerfield River were 
made the full width, the abrasion of the stream upon 
them, where unprotected, has washed away about 13,000 
cubic yards. This, and the trifling change of line, may 
have added to the cost of completion about $5,000 or 
$6,000. 
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Temporary Structures, 

' Many of the temporary trestle works over ravines and 
watercourses will require strengthening before they can 
safely be used for the passage of trains. 

The construction of some of these, in places where 
stone for the permanent work could not well be pro- 
cured, except by the trains after the road is opened, 
was doubtless a wise measure of economy, but in others 
we think the permanent structures should have been 
put in at once. 

Culverts and River WaMng. 

A large proportion of the culverts are faulty, either 
from bad construction or insufficient size, nearly one 
third of them having already been damaged or de- 
stroyed by the water. A portion of the bank or river 
walling has fallen down, and some of the remainder is 
too indifferently constructed to be permanent. 

Green Rwer Bridge, 

This is much the most important structure of the 
kind upon the line. It is 706 feet long, 454 feet of it 
upon a curve of about 800 feet radius. It has been 
carefully examined by Mr. Laurie, to whose Report 
we would refer for a detailed account of it. It is, 
perhaps, enough for us to say, that we regard the 
location, requiring so high a bridge to be built upon so 
sharp a curve, exceedingly injudicious, and the bridge 
as bad in design, insufficient in materials, and faulty in 
workmanship. 
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This bridge might be propped up for temporary use 
while a suitable one was constructing upon a better 
location, or a new bridge, both in superstructure and 
masonry, could be built over the river and highway, 
which runs under the bridge near the river, altering 
the line a little so as to make this much of it straight, 
and filling in the curved portion with a solid bank ; or 
stone arches could be put in for the highway and river, 
and then the whole filled up solid upon the present 
location. 

Estimaie of Cost 

The estimate of the cost of completing the road, fol- 
lowing temporarily the present location, is based upon 
filling up about 260 feet of the curved part of Green 
River Bridge, and putting a suitable bridge in place 
of the remainder, filling in all the temporary structures 
except that at Hawks' Ravine, and putting new bridges 
in place of those built upon the plan of the present 
Green River Bridge. 



Estimate fbom Gbeenfield to Shelbubne Falls. 

Distance 13-j\j^ Miles. 

For grading and filling in trestle work, . $72,317 00 

masonry and foundations for same, . 82,952 00 

bridge superstructure, . . $25,910 00 

less, materials on hand, . . 6,470 00 

19,440 00 

*' repairing culverts, alteration of roads, &c., 2,300 00 

crossings, cattle-guards, &c., .... 1,500 00 

land damages and fencing, 15,990 00 

spikes and joint fixtures, . . \ . . 5,950 00 

laying 8J miles track, 4,250 00 

station buildings, 15,000 00 

superintendence and contingencies, . . 15,000 00 

$234,699 00 
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Total amount, 8234,699 00 

If the line across Green River Valley be altered to 
make the bridge portion of it straight, the addi- 
tional cost would be about, $10,000 00 

If arches be put in for the river and highway, and 
the rest filled in with a solid embankment, it 
would add to the estimated cost, $35,000 00 



Estimate fkom Shelbubne Falls to east end op Tunnel. 

Distance 17y§^ Miles. 



For grading' and filling in trestle work, 
masonry, and foundations for same, 

.bridge superstructure, 

repairing culverts, altering roads, &c., 
crossings, cattle-guards, <fec, . 
land damages and fencing, . 
laying 17xli7 miles, . . . 

ties, 

iron, spikes, and joint fixtures, 
station buildings, .... 
superintendence and contingencies. 



(C 
(4 
(( 

(i 



$62,982 80 
59,409 00 
17,080 00 

9,000 00 

2,400 00 
33,030 00 

8,750 00 
10,710 00 
36,000 00 

8,000 00 
15,000 00 



Total amount, 



•$262,361 80 
$262,361 80 



Summary. 



From Greenfield to Shelbume Falls, > <iboQ4 aqa no 

13Y\y^ij miles, ( 
S. Falls to Tunnel, Hyf^ " 262,361 80 



" Greenfield to " 30^Vd " $497,060 80 $497,060 80 
Until the Tunnel is completed, the road 
would be operated principally for local 
business, and would require about $75,- 
000 worth of rolling stock, which, if 
the road was not leased, would have to 
be added to the above estimate, 75,000 00 



> 
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Making the total from Greenfield to the 

Tunnel, including rolling stock for local 

business, $572,060 80 

Some of the trestle work need not be filled 

in immediately. In this way there may 

be deferred from present outlay, without 

affecting the safety of the line, say, the 

sum of $50,000 00 

Leaving, in case the road was leased, a pre • 

sent required expenditure of ... . ©447,060 80 

By the time the Tunnel is completed the remaining 
portion of the line from the west end of the Tunnel to 
North Adams should be built 

The distance is about two miles, and the estimated 
cost, excluding buildings, but including land damages 
and station grounds, $67,500. 

Even with the Tunnel completed, the road would not 
meet reasonable expectations as a through route, unless 
the lines between Greenfield and the Tunnel be con- 
siderably improved. It would probably be found ju- 
dicious to expend in the improvements about $155,000, 
which should be done in time to use with the com- 
pleted Tunnel. 

There would then be required additional depot build- 
ings, repair shops, tools, ^nd fixtures, estimated to cost 
$75,000. 

If this road should furnish its proportion of rolling 
stock for the through business, in addition to what 
might be necessary for its local traffic, the whole 
amount required for this expenditure is estimated at 
$275,000. 

Deerfield Route. 

Another line was surveyed from the Vermont & 
Massachusetts Railroad to Bard well's Ferry. This line 

5 
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cominences about IJ miles east of the present termi- 
nus of the Troy & Greenfield Railroad^ and keeping on 
the south side of the Deerfield River, crosses the Con- 
necticut River Railroad south of the Cheapside Bridge 
over the Deerfield River, thence nearly parallel with 
that road to Deerfield Centre, and crossing the Deer- 
field at Martin's Falls, it joins the present location at 
Bard well's Ferry. 

The whole length of this line is 8.11 miles. It has 
489 degrees less curvature and 150 feet less rise and 
fall than the present route, and reduces the maximum 
grade, ascending west, from 58.6 to 50.16 per mile ; but 
this latter is riot so important a gain as would appear, 
for the grade, ascending east, in the direction of the 
heaviest trade, is quite as strong relatively as the 
58.6, rising west, in the present line. 

Its adoption would involve the abandonment of 
7iV miles of the present line; as a through line, it 
would save nearly a mile in distance. 

Its cost is estimated to be greater than that of finish- 
ing the line as at present located, by the sum of 
$97,975 80. 

If stone arches and a solid embankment were adopted 
at the present Green River crossing, this difference 
would be reduced to $62,995 80.^ 

The estimates in detail, and other information in 
relation to this line, will be found in Mr. Laurie's 
Report. 

We do not think the advantage of this line over the 
present location sufficient to warrant a recommendation 
that the latter be abandoned, and so large an increased 
gum be expended upon the new route. ' 
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HOOSAC TUNNEL. 

This great work, which has caused so much private, 
corporate, and legislative discussion and action, all 
fatally inadequate to its magnitude, the Commission- 
ers have regarded as the chief object of their solici- 
tude. 

Its length is so great, and its character so unusual, 
that they have not felt at liberty to neglect any means 
of inquiry which promised to give them light in regard 
to it. 

Improvements in the art of excavating works of this 
kind have, until within a very short time, made but 
little progress for many years. 

Several machines have been invented to hasten and 
i^ cheapen the boring of tunnels, but have failed to per- 

form the required duty. 

One of huge dimensions constructed for this work, 
enjoyed for a time much public confidence and expec- 
tation, but failed and was broken up after cutting some 
ten feet of tunnel. 

Another has been tried and failed, but has not yet 
been removed from the work. 

The confidence with whicli the largest of these ma- 
chines was heralded, when first brought out, should 
lead us to be careful how we make calculations based 
upon the use of untried appliances, and perhaps should 
take out of us enough conceit to render us earnest in- 
quirers and willing learners from all whose opinions 
are based on actual experience. 

The railroad tunnels in this country, which from the 
nature of the ground cannot be provided with venti- 
lating shafts, when necessary, at moderate expense, 
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are so shorty that the question of ventilation has not 
necessarily been of much influence in detennining their 
character. 

In the Hoosac this is one of the great questions for 
consideration. 

In Europe, where many comparatively long tunnels 
have been constructed, through which are passing large 
amounts of traffic, a great amount of experience, both 
as to their construction and use, has accumulated. 

It is reasonable to suppose that, to a certain extent, 
the sum of this experience may have been gathered 
and acted upon by those now prosecuting much the 
largest work of this kind in the world, under the Alps, 
at Mont Cenis. 

The Mont Cenis and Hoosac Tunnels are not, how- 
ever, so nearly alike, in some of their characteristics, 
as to render it at all certain that those building the 
former would, if charged with the discretion, adopt a 
similar size and mode of construction for the latter. 

We desired to learn the comparative cost and effi- 
ciency of hand labor and the drilling machines used at 
Mont Cenis, that being the first really successful ap- 
plication of machinery to the execution of such works. 

Besides this, we have felt it our duty to have the 
large European tunnels examined, and the character 
of their means of ventilation studied, hy a competent 
person, who had no motive to degrade their good qual- 
ities, and no interest to shield their defects froin rigid 
scrutiny. 

Charles S. Storrow, Esq., was selected by the Com- 
missioners for this important duty. His superior qual- 
ifications for this mission need no comment from us. 
His interesting and instructive Report will be found in 
the Appendix, and we commend it to the most careful 
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and attentive perusal, as containing the latest chapter 
in the world's progress in this direction. 

We have also had the locality examined by Benj. 
H. Latrobe, Esq., a civil engineer of eminent ability, 
who has probably executed more tunnelling than any 
other man in America. 

His authority we consider quite as good, upon a 
work of this kind, as that of any other engineer in the 
country. 

His Report follows that of Mr. Stoerow, in the Appen- 
dix, and will well repay a careful reading. 

Mr. Laurie, who made the general srurveys and esti- 
mates, also gave to the Tunnel his most careflil atten- 
tion. His valuable discussion of the subject will be 
found in his general Report in the Appendix. 

Descriptimi of the Mountain. 

The Hoosac Mountain, which is pierced by the Tun- 
nel, has two summits, with a wide valley between 
them. The eastern summit is 6,100 feet from the east 
portal of the Tunnel, and 1,415 feet above the grade 
of the road ; and the western summit 6,700 feet from 
the western portal, and 1,704 feet above grade. 

The summits are 2^^^ miles distant from each other ; 
and the valley between, at its greatest depression, is 
801 feet above grade. 

A part of the line over the Tunnel is covered with 
forest, and in some places the depth of earth above 
the rock is quite considerable. 

In a portion of the valley between the summits the 
land is swampy, drained by two small streams of wa- 
ter, which unite near where they cross the line of the 
Tunnel. 
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The rock, so far as the Tunnel has been driven, 
(2,394 feet from the east end,) is a mica and talcose 
slate, with occasional veins and irregular masses of 
quartz, and is quite uniform. Specimens have been 
taken from the frequent outcroppings across the moun- 
tain, which indicate a similar material, with an occasion- 
al tendency toward the character of gneiss, except for 
the distance of about half a mile from the west portal, 
where a secondary overlays the primitive formation of 
the mountain. This, so far as penetrated, is composed 
of hard silicious rock and some limestone, in a very dis- 
turbed condition, covered by a large body of clay, sand, 
gravel, and boulders, full of water, with a considerable 
stream crossing the line about 800 feet east of the 
western portal. The construction through this cannot 
be otherwise than expensive. 

Commencing at the east side of the mountain, the 
stratification dips eastward, at an angle of 60 to 80 de- 
grees from horizontal, changing, two miles from the 
east end, to a dip of but 22 to 30 degrees, which con- 
tinues for the next half to three quarters of a mile. 
Beyond this the dip changes to the westward, and 
lies at an angle of from 20 to 32 degrees, — the anti- 
clinal axis occurring about 2^^ miles from the eastern 
portal. 

A table, showing in detail the results of this explora- 
tion, will be found in Mr. Laurie's Eeport. 

A profile of the mountain, showing the dip of the 
strata, will also be found in his Report 

Assuming that the outcropping rock is a fair indica- 
tion of its character on the line of stratification down 
to the grade of the Tunnel, there remains unexplored 
at the tunnel level a distance of about 3,900 feet, lying 
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between the strata dipping east and the strata dipping 
as indicated at the surface. 

The following extracts from President Hitchcock's 
testimony before a committee of the Legislature, in 
1854, give his opinion, as a geologist, upon the charac- 
ter of the rock in this mountain. 

** There is scarce any thing in the mountain but this mica slate, 
occasionally mixed up, howevpr, with a little quartz, of an Imperfect 
kind, which does not differ materially from the mica slate in 
hardness. 

The whole mountain is made up in the same way. There is no 
granite or trap intruded in the form of veins or dikes. It is of 
extremely simple formation, as it is throughout the whole of the 
Green Mountains, and down* through the Hoosac range. 

There are, occasionally, nodules of quartz in this rock, as you go 
down to the westward of this mountain, in the town of 'Adams. I do 
not know exactly where the tunnel is to terminate, but there is a bed 
of this quartz which is very hard, and it is possible the tunnel may 
have to pass through it, some little distance, on the western slope. 

I cannot say, positively, whether or not it does pass through it, 
not having been on the precise route of the tunnel in that locality. 

Iron ore is very frequently found in connection with quartz rock 
and limestone. You will find bits of iron ore on the surface, but can- 
not tell where the beds will occur till you dig down. 

As I have said, I do not know whether or not these foreign rocks 
occur where the tunnel is to pass, only that quartz and limestone exist 
in Adams. I have noticed this rock (mica slate) all the way over the 
mountain, and it has this same appearance. It is the same rock all 
the way till you get near the foot, on the west side. I have no doubt 
at all that the whole mountain is composed throughout of this mica 
slate as well as on the surface, and probably it is the same rock thou- 
sands of feet lower than the Connecticut River. 

I do not believe there will be any cavities found in the mountain ; 
ther^ may be slight ones ; but, if so, they will be caverns, and not 
filled with earth, like the soil or gravel of the surface. 

I do not think there will be any masonry or arching required. For 
instance, if the boring machines should be found to operate well, and 
the tunnel should be bored through the mountain, I do not believe 
that it would require any more masonry for its support than would be 
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necessary for a good, sound stick of timber, with an auger hole bored 
through it. A little masonry may, of course, be required at the 
ends ; but I have so much confidence in this opinion that I should 
not be afraid to engage to put in all the masonry that will be necessary, 
after you get beyond the surface, for a very few thousand dollars. 

If there is any confidence to be placed in the principles of geology, 
then we may rely upon the rocks' proving to be the same throughout 
the mountain, without cavities. 

It would be a thing unheard of in geology otherwise. 

I know of no place where you will find soil after you get into the 
solid rock, unless it is where a valley comes down from above. 

Undoubtedly the rock will be much easier to work after you get 
down through the edge. 

The tunnel will support itself just as well a little inclined as if the 
rock stood perpendicularly. 

There is no question but that the rocl^ is easy for drilling, but I am 
told that powder, in blasting, does not throw out so large a mass as 
in the case of some other rocks, which are harder to drill and more 
easily cracked by powder. 

It will be more easy to pass through the layers than if they were 
horizontal. 

Water will, undoubtedly, be found near the surface, and elsewhere, 
to some extent ; but I have an impression, or rather an opinion, that 
this tunnel will be found to go below where the water percolates, 
unless the layers are found to be more broken than I suppose they are." 

The shaft which has been driven down to the line 
of the Tunnel, at a point 3,008 feet easterly from the 
western portal, shows rock of the same character as 
that at the east end. 

This fact, and the surface examinations across the 
mountain, with President Hitchcock's opinions, as 
quoted, are strong evidence of the general unifonnity 
of the rock through the mountain. 

The cost of removing large quantities of water, if it 
found its way into that portion of the work executed 
through shafts, would be very large. 

The worst, however, that could happen from this 
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cause would be an abandonment of the shaft workings 
and a completion of the Tunnel from the ends. 

There is, perhaps, more chance of the rock being 
less close and perfect near the anticlinal axis, where a 
possible disturbance may have occurred, than at any 
other place. This point is 4,600 feet eastward, and 376 
feet above the brook which is in the lowest part ctf the 
valley, with the strata dipping from the higher ground 
westward under the valley below. 

The water from the swampy ground of the valley 
will, therefore, not be likely to reach any possible 
openings which may exist where the dip of the strata 
changes. 

The inclination of the strata is much more favorable 
for keeping out the water than if its direction was 
vertical. 

While, therefore, there can be no certainty in re- 
spect to trouble from water, we regard the general 
indications as quite favorable. 

The whole length of the Tunnel, as generally under- 
stood, and as reported to the Legislature, is 24,100 feet, 
or 4i^^ miles ; as found by survey, it is 25,574 feet, or 
4^^ miles; as proposed by the Commissioners, it is 
24,586 feet, or 4^ miles. 

The mountain, at the east end, has been penetrated 
a total distance of 2,394 feet, to the end of the heading, 
which is about 280 feet beyond the bottoming. 

The size of tunnels, as usually given, is that above 
the grade line, or above the top of the rails, the exca- 
vation being enough deeper to provide for the track, 
ballast, and drainage. 

If the minimum size intended to be given to this 
Tunnel was 14 feet wide and 18 feet high above the 
rails, the total height of excavation would have to be 

6 
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20 feet. If it was intended to have the whole excar 
vation but 18 feet high^ then the height above the rails 
would be but 16 feet^ and the area above the surface 
of the ballast 14 feet by 16 feet 4 inches. 

The excavation, as made, does not conform to any 
particular line or grade ; nor is any part of it, except 
the end sections, cut so large as the smallest size given 
above as the minimum required. 

If a track was laid through it crooked to conform to 
its line, and undulating to conform to its grade, it 
would be too small to pass an ordinary train without 
hitting. The height in some parts of it would be only 
.11]^ feet above the ballast, or 11 feet above the top 
of the rails. It would cost a large sum to recut it 
to a straight line and regular grade, and enlarge it to 
the minimum size, before given, of 14 feet wide and 16 
feet high above the rails. 

Cross sections of it, as cut, are shown in Plate A, at 
end of Commissioners' Report. 



SIZE, DRAINAGE AND VENTILATION 

OF TUNNEL, 

Both ends of the Tunnel are upon nearlj^ the same 
level. 

The necessities of drainage, therefore, require a cen- 
tral summit. The grade, upon which a portion of the 
opening has been driven, is too irregular to indicate 
what rate of rise was intended. 

The centre will be elevated above the ends from 50 
to 60 feet, depending on the amount which the grade 
may be reduced at the summit. 

Where many shafts are constructed, they are often 
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f^iind to, in some degree, neutralize each other, and 
rather harm than help the ventilation. 

From a large number of Tunnels described in the 
Appendix, we give the principal characteristics of a few, 
selected as most pertinent to our general inquiries. 

Box Tunnel. 

The ^^ Box Tunnel," on the Great Western Railway, 
in England, (see page 6, in Mr. Storrow's Report,) is 
nearly two miles long, thirty feet wide at its widest 
part, and twenty-four and a half feet high above the 
rails, and was originally constructed with seven shafts. 

Two of them have been closed, and some of the 
people connected with the work would be glad to see 
the rest of them closed. 

The grade through this is on one incline, at the rate 
of 62^ feet per mile. When the trains pass up the 
grade, the smoke becomes quite dense. When they 
pass down, they use but little steam, and a quick train 
on the down grade is the efficient agent for clearing 
the TunneL 

The good effect of this is supposed to be reduced by 
the shafts. 

Its very large dimensions must greatly reduce the 
bad effect of the up trains upon its atmosphere. 

Sapperton TunneL 

The "Sapperton Tunnel," upon the same railway, is 
28 feet wide, and 20 feet high, and one mile in length. 

AH its shafts but one have been closed, and that one 
all but an opening four feet by five, which is probably 
useless for ventilation. The grade is all one way, at 
the rate of TSxVcr fe^t P^^ i^ile. 
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The steep grade makea heavy work for Ae engines 
going up the incline, and a dingle freight train fills it 
with smoke, which is for hours quite offensive. If two 
freight trains follow each other up the grade, it is very 
difficult for the men to work iii the tunnel ; and if four 
follow each other, it is impossible. 

A passenger train running down the incline at great 
speed is the efieotual means of ventilatian. 

Woodhead TunmL 

The * Woodhead Tuntiel," oti the Manchester, Shef- 
field, and Lincolnshire Railway, is a double tunnel, with 
a longitudinal pier, 21 feet wide between the two 
chambers, each of which is 14 feet 4 inches wide, and 
18 feet 3 inches high above the rails. The length is 
almost three miles, and it has five shafts now open. 
There are 21 arched openings through the piers, con- 
necting the two chambers. The grade is all in one 
direction, at the rate of 26^^ fe^t per mile. This tun- 
nel, like the " Box," has better ventilation on some days 
than on others. The current in the shafts is sometimes 
upward and sometimes downward. One of the cham- 
bers was worked several years as a single tunnel before 
the other was built. It was then often quite smoky, 
and now, when, to facilitate repairs, the traffic is all 
turned through one chamber, it is sometimes oppres- 
sively so. 

Idndal Tvamel. 

m 

The * Lindal Tunnel,*' upon the Furnesd Railway, is 
about one third of a mile long, and upon a grad^ of 
52^ feet per mile. It wsks originally built but 12 fe^* 
wide and 14 feet 6 inches high. An increased traHc 
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required its enlargement for a double track. The con- 
tractor preferred to build a second tunnel to enlarging 
the old one st the same prioe, but the exeessiTely bad 
ventilatioE of the old om determined its enlargement 
During the proeese, the workmen sometimes found it 
impossible tp remain at their work^ the engines so com- 
pletely filling the tunnel with smoke and sulphurous 
vapor. The best means of cleai^ng it was to run a 
light engine rapidly through it . Since the enlarge- 
ment no complaint is made of its ventilation. The 
diflficulty which existed before, in spite of the moderate 
lengUi of the tunnel, and its fiivorable grade for venti- 
latioB, was therefore wholly due to its small size. 

Almondsbttry Turmel 

The *^ Almondsbury Tunnel," now under construc- 
tion on the Bristol and South Wales Junction lines, is 
for a single track. It is 17 feet wide at the rails, 18 
feet 6 inches greatest width, and 19 feet high above 
the rails. Hiere are five shafls, but these are intended 
to be closed when the work is put in use. 

The length is three quarters of a mile, and the grade 
58.66 feet per mile. 

The fact that this tunnel is now under construction, 
and its proportions determined from the latest ezpe- 
rknce, should have much weight in its oonsideratioti. 
Its grade is very favorable for ventilation. Its length 
is quite moderate. It is built ibr a single track, and 
still its sectional area above the rails is 34 per cent 
larger than the present largest area of the Hoosac. 

The renfarks of Mr. Storrow, in his Report in relation 
to tfaip, and his conversations with its builders and engi- 
neers in relation to the Hoosac, will be found very inter- 
esting and instructive. 
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Hauemtein Tunnel. 

The * Hauenstein Tunnel/' in Switzerland^ is over a 
mile and a half long, and in section 26 feet wide and 
20 feet high above the rails. The grade rises through 
the tunnel at the rate of 132 feet per mile. 

It has no shafts for ventilation. There are canvas 
curtains at the ends, which are closed in winter to keep 
out the cold, and at other times to check the draught, 
which is at times so strong as to be inconvenient to 
the trains. 

Ordinarily the ventilation is very good, but occasion- 
ally bad enough to somewhat annoy the workmen. 
The north end of this tunnel is more than 200 feet 
higher than the south end. It may almost be called 
an inclined chimney, and if the high end was on the 
south or warm side of the mountain, it would probably 
never be troubled with smoke. As it is, the colder air 
at the north end may, in some states of the atmos- 
phere, become of the same density as the lower air at 
the south end, and the ordinary effect of the great dif- 
ference in elevation be neutralized. 

Mimt Cems Turmel 

The ^ Mont Cenis Tunnel," now building under the 
Alps, is more than seven and a half miles in length, 
and in section 26 feet 3 inches wide at its widest point, 
and 20 feet 8 inches high above the rails. 

The grade rises from the French side at the rate 
of 117.22 feet per mile to the centre, and then 
falls at the rate of 2.64 feet per mile to the Italian 
side of the mountain. This last grade is made as light 
as it can be and serve the drainage, as all that it 
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falls impairs the draught or ventilation through the 
tunnel. 

The rails at the highest point are, however, only 
10.4 feet above those at the Italian end, which leaves 
the top of the arch at that end nearly eleven feet 
above the track at the summit. 

The entrance to the tunnel on the Italian side is 435 
feet higher than £hat on the French. This great ele- 
vation, added to the warmer atmosphere on the south 
of the mountain, is probably relied upon to produce 
the necessary current for ventilation. 

We suppose the most careful consideration has been 
given by most competent men to the proportions of 
this gigantic work, and that to all prior experience due 
weight has been given in arriving at a result. 

Though their prospect of obtaining a strong draught 
through the tunnel is good, yet they have deemed it 
necessary to give it a section more than twice as large 
as that heretofore fixed for the Hoosac. 

It is not unusual for tunnels in Europe to have a 
summit within them, where the track is a few feet 
lower than the roof at the highest end, but Mr. Storrow 
heard of no case like the Hoosac. 

Kingwood Tunnel 

The " Kingwood Tunnel," on the Baltimore & Ohio 
Eailway, is about three fourths of a mile long, and in 
section 22 feet wide and 21 feet high above the rails, 
and is on a grade of 62iV feet per mile. 

When several freight trains follow each other up the 
grade, inconvenience is at times felt from the smoke, 
though the men are required to enter the tunnel with 
their fires as clear as possible, and disturb them as little 
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as practicable during the passage. At ten miles an 
hbur, each locomotive would be in the tunnel only four 
and a half minutes ; for so short a time fresh coaling 
would rarely be necessary, and comparatively but little 
smoke would be emitted. If the KingWood was as 
long as the Hoosac, instead of only one sixth as long, 
no such expedient could be resorted to, and its ventila- 
tion might then be quite unsatisfactory. 

, Hoosac Tunnel. 

Besides th-e question of ventilation, there are many 
other objections to a section so small as that on which 
the Hoosac has been commenced, only 14 feet wide 
and 18 feet high. 

If considerable water should be met with, the room 
for drainage at the sides, which is the usual method in 
this country, will ♦be quite limited, and the road bed 
between the ditches be so narrow as to require much 
more attention and labor to keep the track in order, 
while the limited room will make the work inconven- 
ient and more expensive. The same amount of work 
will cost more, and there will be more work required, 
and, what is still more important, the track will not be 
likely to be kept in the best possible order ; when for 
safety and to help the traction, which is always com- 
paratively bad where the rails are wet, as in tunnels, 
the track should be kept in the most perfect condition* 

If a train was delayed in the Tunnel, which must 
occasionally happen, the room to get about it and do 
any repairs is very small, — only about two feet each 
side of a passenger car, — and the smoke of the engine 
would soon fill the little area about the train, and might 
prove most disastrous to the men and passengers, and 
if thrown from the track, the results would be fearful. 
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If a freight train should get off the line in so small 
a chamber, it might get wedged in and fill it so full as 
to cut off the draught, when the smoke and gas would 
speedily drive out all who were able to get away, to say 
nothing of the disaster to the trainmen ; besides, the 
traffic of the line would be seriously interrupted. 

Great care has been taken to obtain the opinions of 
the best authorities in England and on the Continent, 
among those of the most enlarged experience, both as 
to the construction and use of long tunnels ; and while 
they have been found to differ in some respects in re- 
gard to minor details, the opinion is universal and with- 
out a single exception among them, that the present 
section of the Hoosac is altogether too small, and that 
the area of the original design is the least that should be 
counted on as promising any success to the enterprise. 

These authorities are all as perfectly agreed that a 
shaft m the centre is indispensable. 

On these points Mr. Storrow obtained the views of 
many more persons qualified to judge than he has 
named in his report 

Mr. Latrobe thinks the area of the section should 
not be less than 45 square yards. The minimum sec- 
tion authorized for the Hoosac is 25^ yards, and the 
original design 45 yards. He would prefer two shafts, 
as insuring better ventilation than one. 

Mr. Laurie thinks the present section entirely too 
small, and that it should be built large enough for two 
tracks; and while he is not so clear that the want of a 
shaft would be fatal, he would advise it, as removing 
any doubt about the ventilation. 

The simple statement that the ends are on nearly 
the same level, that the central summit will be from 40 
to 60 feet higher than the ends, that no train can pass 

7 
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through it without emitting a large amount of smoke 
and gas, which will be lighter than the atmosphere at 
either end, we think is enough, without further discus- 
sion, to show that the risk of noxious accumulations 
in the higher and central parts of the Tunnel is too 
great to allow the shaft to be omitted. 

With a shaft, it is thought that the draught would 
be quite strong, and the ventilation satisfactory. If, 
however, from the state of the atmosphere, or other 
causes, it was occasionally otherwise, a fire in the shaft 
would cl*eate an artificial draught, as in the case of deep 
mines, and correct the evil at once. 

Most of the long European tunnels which have been 
examined, are either wholly, or in large proportion, 
lined with smooth masonry. 

Whatever increased facility this gives to the draught 
and ventilation — and it would seem quite considera- 
ble — will be lost to the Hoosac, the surface of which 
is nearly all expected to be rough, as it is left by the 
blasting in excavation. 

It has been suggested that a small tunnel, not very 
unlike the minimum authorized by law, say 14 feet 
wide and 18 feet high, be first built, and then enlarged, 
if found too small. If it was found decidedly too small, 
as we think it would be, its use would have to be dis- 
pensed with through the years of its enlargement. The 
interest upon its cost, through this period of its disuse, 
would largely swell the expense of the work. If it was 
found large enough to be used for a small traffic, with 
very infrequent trains, or in the best states of the atmos- 
phere, it is apparent that it could not be used during 
its enlargement, without involving an additional cost, 
wholly disproportionate to the value of such partial 
use as was practicable. 
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If one train could not follow another without an hour 
of interval, neither could the men work in that inter- 
val, and they would lose the additional time of transit 
in and out, besides working indifferently in the bad 
atmosphere, which would prevail nearly all the time. 
It is doubtless possible to enlarge and use it at the same 
time, in the view that almost any thing in . engineer- 
ing is possible, with money and time enough ; but we re- 
gard the plan as clearly out of the question in this case. 

Beyond this, we think it would not be creditable 
or desirable for the State of Massachusetts to construct 
the Hoosac Tunnel more than once. 

Regarding the shaft as likely to be the main de- 
pendence for ventilation, steep grades, rising each way 
towards it, would seem to facilitate the passage of the 
lighter gases up the grade and to the outlet ; but the 
steeper the grade, the greater the amount of smoke 
and gas that will be emitted from the locomotives, and 
this probably increases more rapidly than the increased 
facility for ventilation caused by the steeper grade. The 
grades are, therefore, arranged as follows : Rising from 
North Adams towards the Tunnel, with a grade not ex- 
ceeding the eastward maximum of 40 feet to the mile, but 
enough to bring the grade at the mouth of the Tunnel 
twenty-five feet above the present grade ; thence rising, 
for half a mile through the wet cutting, at the rate of 
26^ feet per mile; the next half mile at the rate 
of- 20 feet per mile ; thence for a mile, at the rate of 
15 feet per mile; thence over the summit, with a 
grade as flat as the smaller drainage there required 
will permit; thence on a grade which will come out 
at the east end of the Tunnel as now cut, which will 
require about 25 feet per mile. 

The grade is laid as nearly level as possible at the 
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summit^ to fisicilitate drainage during the construotion 
of that part executed from the central abaft. 

The grade thence westward is increased with the 
distance from the centre^ to pass the accumulating 
quantity of water. 

The grade Uience eastward is uniform, because the 
necessary descent gives a sufficient rate per mile to 
drain any part of it 

We would recxmimend the section of the Tunnel to 
be nearly ^ originally designed, — say 22 feet ^ide at 
the grade line, 24 feet wide at the widest point» 21 feet 
high above the track ; the roof to be circular. See Flats 
B. This is large enough for two tracks, should they ever 
be required, and as small, in view of the difficulties of 
ventilation, as we think it prudent to construct it 

We prefer the circular rgof, because it*will be strong* 
er, and because the draught through it will be something 
better tJxan if the outline be made of more angular form. 

European tunnels are generally drained by means of 
a culvert constructed under the road bed, in the centre ; 
American tunnels, by open drains at the sides. Expe- 
rience in working the rock should be left to determine 
which plan would be the most economical in this case. 

As the shaft will npiost lively become the main reli- 
ance for ventilation, it should be of liberal dimensions ; 
and we would reopmrnend it to be of an area equal to 
a circle of 20 feet diameter, of such form, (probably 
a little elliptical,) as shall be thought most judicious. 
Plate C shows a profile of the mountain, grade of the 
Tunnel, and location of the shaft 
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COST OF HOOSAC TUNNEL. 

The estimates of cost made by Mr. Storrow, Mr. La- 
trobe, and Mr. Laurie, are all based upon hand labor. 

Mr. Storrow found that the machine drills, so success- 
fully used at the Mont Cenis Tunnel, however much they 
may have hastened the work, did not reduce its cost. 

We think the opinion is quite general among con- 
tractors that, as heretofore used, they have not been 
money-saving appliances. This view, however, may 
result from the considerable cost of preparing to use 
them for works of ordinary magnitude, and the fact 
that rapid progress is rarely regarded by contractors as 
worth paying for. 

We are not prepared to admit that a considerable 
saving may not be made by their judicious application 
at the Hoosac. The difference in cost between ma- 
chine and hand labor is greater in this than in any 
other country. 

At Mont Cenis they are working against common 
labor, which costs 60 cents per day. At the Hoosac 
they would work against labor costing, in ordinary 
times, a dollar per day. ^ This is a very large difference 
in favor of the machine work for this country. 

Only a portion of the labor is performed by them, 
and on this portion only is the saving to be made. 

It will require, in part, skilled labor to use the ma- 
chines here, as well as at Mont Cenis. This has raised 
the average cost of their labor to about 70 cents per 
day, and would probably add 15 or 20 per cent, to it 
here ; but this (Joes not alter the fact that, whatever 
value there is in the machine work, is there compared 
with common labor at 60 cents, while here the labor 
costs a dollar. 
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If our better educated labor manage the machines to 
better advantage, which is quite likely, something may 
be gained in that way. 

The cost of getting up the necessary machinery, be- 
yond what is required to supply fresh air to the work- 
men, will be quite considerable, and its earliest work- 
ing will be somewhat experimental. We are, there- 
fore, inclined to base our estimate of cost upon hand 
labor, and leave the probable savings from the use of 
machinery, to affect any unforeseen contingencies 
which may arise in a work of such magnitude. 

Our estimate will be based upon President Hitch- 
cock's opinion, the highest attainable authority, that 
the quantity of water to be met with, except in the 
secondary formation at the west end, will not be so 
large as to be seriously troublesome. 

It is found that long tunnels, all other things being 
equal, cost much more than short ones. 

Whatever increase is due to the difference between 
short and ordinarily long ones, will be much greater in 
one of such exceptional length as the Hoosac. 

On the other hand, the cost of a tunnel through rock 
can be much more reliably estimated than through any 
other material. 

For obvious reasons, the cost of shafts increases very 
rapidly with the increase of their depth. This is well 
illustrated in the cost of the 24 shafts of the Nerthe 
Tunnel, shown in Mr. Storrow's Report, in the Appen- 
dix. 

The average cost of the first 197 feet in depth 

was . $11 03 per foot. 

From 197 feet to 328 feet in depth 16 00 " " 

" 328 ** " 459 '* '* '* 19 41 " " 

" 459 " " 610 " " ** 23 38 " " 



While the average cost of five of them which 

were but 67 feet deep, was only .... 8 88 



4( «< 
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These shafts were very small, only ten feet in di- 
ameter. 

Raising the grade 25 feet at the west end, might 
make it practicable to extend the open cutting about 
988 feet, and shorten the Tunnel thus much. 

This would bring the deepest open cutting to about 
86 feet, the lower portion of which would be rock, and 
the upper part earth. 

There would then remain to be excavated and 
arched through that very bad material, perhaps 1,350 
feet, before coming to the primitive formation, where 
the rock would be firm enough to stand without lining. 

This distance is, of course, to a great extent, conjec- 
tural, and can be at best but an approximation. It is, 
however, but 670 feet further to the west shaft, where 
the rock corresponds with the supposed general char- 
acter of the mountain, and indications are that it ex- 
tends to a point quite as far westward as we have esti- 
mated for the east end of the bad material. 

Our estimate of cost is as follows : — 

About 988 feet of open cutting at west end, 

to a maximum depth of about 85 feet, . $60,000 

Excavating and arching 1,350 feet through 

the secondary formation, at $200 per foot, 270,000 

Excavating Tunnel under the mountain 
20,936 linear feet, containing 16 cubic 
yards per foot, in all 334,976 cubic yards, 
at $5 per yard, 1,674,880 

Enlarging 2,300 linear feet of Tunnel at 

east end, at $30 per foot, 69,000 

Sinking central shaft, 20 feet in diameter, 
including machinery, 1,027 feet in depth, 
containing 11,944 cubic yards, at $22 
per yard, 262,768 



Amount carried forward, . . $2,836,648 
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Amount brought forward, . $2,336,648 
Five miles of railroad superstructure of 

extra quality, including taking out the 

old and putting in new ballasting, at 

$12,000 per mile, 60,000 

Add for contingencies, engineering, &c., 

at 12j- per cent, . . * 299,581 

Total cost, exclusive of interest, ....... $2,696,229 

Interest at 5 per cent., compounded dur- 
ing eight years of construction, . . . • . . 522,094 

Total, including interest during constnietioa, . . . $3,218,323 

This estimate, as well as that for completing the road, 
is based upon ordinary labor, costing one dollar per day. 

It was intended to place a pretty high estimate upon 
the first and second items, as it might be judicious to 
force the work upon these two at some extra cost, to 
save the expense of elevating and pumping at the west 
shaft, and to earlier obtain the increased speed and 
other advantages of working ai an end face, instead of 
an interior one, in driving the main body of the Tun- 
nel under the mountain from the west. 

Exposed, as such works are, to the development of 
hidden difl&culties, we present this estimate with a due 
sense of the uncertainty which pervades ii We can 
only say that, unless President Hitchcock's views of the 
interior character of the mountain, are widely astray, 
we think it is sufficient. 

It will be noted that Mr. Storrow esti- 
mates the cost, exclusive of interest, at $3,000,000 

Interest compounded for 10 years, the 

time he estimates for building, . . . 773,368 

Total, including interest $3,773,368 

Mr. Latrobe, adding $60,000 for superstructure, which 

he omitted, at $2,837,485 

Mr. Laurie, with a central shaft and hand labor, at . $3,430,780 
" " " " *' " drilling machines, $3,050,180 
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TOTAL COST OF ROAD AND TDKNEL 

The cost of the Boad and Tunnel, including the 
equipment, together with the interest, at five per cent, 
compounded until the Tuimel is completed^ is esti- 
mated as follows : — 

Advances already made, with interest to 

January 1, 1863, including the 8175,000, 

(special appropriftticm, lft62^) . . . . |(9dd,862 

Interest for eig^t yeafs, 462,58$ 

81,431,447 

Expenditures immediately required to open 

the road east of the Tunnel, 447,060 

(The interest on this is supposed to be paid 
out of rents and earnings to be received 
while the Tunnel is constructing.) 

Cost of permanent works, to go in as the 

temporary structures fail, 60,000 

Cost of straightening and improving the 
line, to be done the last before the Tun- 
nel is completed, « . 155,000 

Cost of constructing the 2 miles between 

North Adams and the Tunnel, 67,500 

Additional depot buildings, shops, &c., re- 
quired when the whole line is completed, .... 75,008 
. Cost of rolling stock for compfeted line, 275,000 

Estimate for Tunnel, 82,696,220 

Interest during construction, 522,094 

3,218,323 



» 



Total estimated cost and interest, 85,719,330 

TIME REQUIRED TO BUILB THB TUNNEL 

The diflference between the rate of progress for a 
month, or a year, and the average rate upon the whole 
of so extensive a work as this, may be very great 

8 
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It is not uncommon for the time occupied in con- 
structing a long tunnel to be from two to four times as 
much as that indicated by the best progress ma;de 
upon the work. These wide variations in the rate of 
progress occur in works of very difficult character, 
and mostly where the material is variable and uncer- 
tain; the influx of large quantities of water creat- 
ing more delays than all other causes. The time 
required to construct the work through the disturbed 
formation at the west end, is apparently more uncer- 
tain than that of any other part. Fortunately this is 
but a small portion of the whole work. Next to this, 
the central shaft, from its great depth, may develop 
unforseen difficulties and causes of delay. 

The character of the work in the vicinity of the 
anticlinal axis, down at the level of the Tunnel, is less 
certainly determined than that of the rest of the 
mountain, and unexpected difficulties may occiu: in 
this part of the line. The main body of the work, 
however, shows good promise of regularity in material 
and rate of progress. The be§t result upon the east 
end of this Tunnel, for ten months, was 54^ feet per 
month for the heading, and 46 feet per month for 
the bottoming, the heading Iftiving been made at the 
top of the Tunnel. 

Mr. Storrow estimates the progress of hand labor at 
60 feet per month, per face, on the Tunnel, and 22 feet 
per month on the central shaft. 

Mr. Latrobe, at 50 feet per month on the end faces 
and 33^ feet on the interior faces of the Tunnel, and 
17i feet in the shaft. 

Mr. Laurie, at 55 feet per month on the end faces, 
40 feet on the interior faces, and 21 feet on the 
shaft. 



TIME REQUIRED TO BUILD THE TUNNEL. 69 

The Commissioners will estimate, for hand labor, a 
progress on the ends of 55 feet per month, on the in- 
terior faces 35 feet per month, and on the shaft 20 feet 
per month. It may, in practice, be found expedient 
not to work from the west shaft any further to the 
westward than the primitive formation extends. At 
all events, it will not be wise to work so far in that di- 
rection as to let into this working much of the water 
from the wet material overlaying the rock in this 
locality. The delay, if any, from this cause, will not 
be very great It will, for the time, occasion a loss of 
progress equal to the diflference between working at 
an end and an interior face, the interior face continuing 
to be worked until the end is opened. 

The lengths of different parts of the work are as fol- 
lows : — 

Feet. 

Length of proposed open cutting at west end, .... 988 

From thence to west shaft, 2,020 

West shaft to end of cutting at east end, 20,266 

Average length driven from east end, 2,300 

Total length between " Old Portals," 25,574 

Deduct proposed open cutting, 988 

Total length as proposed, 24,586 

We suppose the open cutting at the west end may 
require twelve months to excavate. At the same time, 
the t^orking from the west shaft westward, at 35 feet 
per month, will have been driven 420 feet, leaving 1,600 
feet to be driven from one end, and one interior face, 
making together 90 feet per month. This would take 
eighteen months, which gives thirty months to open it 
through west of the shaft. The working between this 
shaft and the east end will have made progress as 
follows : — 



60 commissioners' report on the T. ^ G. E. R. 

Feet. 
From the shaft working, 30X^5 feet = 1,050 

** " east end " 30X55 " == 1,650 

This, 2,700 

deducted from length between westerly shaft and east 

end working, say, 20,206 

Leaves to be driven, 17,566 

The depth of the central shaft to the grade line of the 
track is 1,027 feet ; at the rata of 20. feet pec nsonth, it will 
require 52 months to sink thia, leaving 22 months to work 
from the two end ff^ces before work can be coipmenced 
through the central shaft. 

The progress made in this time, at 55 feet per month, 

would be, 22 months, at 110 feet, = 2,420 

Leaving yet to be driven, 15^146 

This would be driven from two end faces and two 
interior faces, or at the rate of 180 feet per month, and 
would i:equire about eighty-four montha 

This requires eleven years and four montha to com- 
plete the whole work by hand labor. 

K at the end of twelve months machine drills were 
introduced at the east qnd and at the eafitward work- 
ing from the west shaft, a progress of 110 feet from 
the east end and 70 feet from the shaft working might 
reasonably be counted on. 

Feet. 

Total length between west shaft and east working, . . 20,266 
12 months at 35 -|- 55 = 90 feet per month, . ... 1,080 

Leaving to be done when machines be^n, say, . . . . 19,186 
Until the west end is cut through to the shaft, the rate 

would be 180 feet per month, which, for IS months, is 3,240 

15,946 
The work would then be from the esid ^oe^ till the cen- 
tral shaft was done, and the rate 220 feet per month 
for 22 months, say, 4,840 

Leaving to be worked from two end and two interior faces, 1,1,106 



» 
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If tb^ two Met^ter Sotces were worked fey hand febor^ 
aiid ike end faces fey ttite ma<*Littei^, tiie total progress 
would kie 200 feet per Mohtli; Which would tef^iiupe 
about thirty-eight and tiiiG tMM montfis to complete it, 
aiid make the t6Ml ttttite iihbut seven JMid a half years, 

• _ _ 

aB illustrated by Plate C. 

It h quite pbssable that the itfaehine drills may be 
usied in sinking iftie central shaft, and in subsequently 
driving the headings froin it The chances of increased 
speed from this souix^ are, perhaps, sufficient to coun- 
terbalahce any delay likely to occur in other part* of 
Hi* \vkMrk, iind nmke frbm 'seven ahd a Kalf to eight 
years t reasonable eisftiriiatj^ tof the time required to 
complete iht Work frbto th6 tiinte it is vigorously 
raideli^a&eii. 

METHOD 01^ COMPLETING. 

It has occasionally hiappeited in this country that 
capitalists have been fouiid to ^aM in the constructtbn 
of a railroad by tlie piirch&s^ 6t the bond Obligations 
of a compatiy having a doubtful stock list. 

Stock takeii by ctohtraclors seldom strehgthens, but 
very Igeherally Weakens, h (!forpOTation. It is rfcrely 
paid for^ either in money c* wdi*:> but simply reduces 
the value of what other people Are asked to pay full 
rates for. 

If those prbpoeing to lead thfei* credit or their money 
to Budi a company t^q^irte ftn Additional . tBillibti of 
itock to be sub^ribed^ the crbhtfactors and their friends 
can tdke it if a million b6 Added to thfe price of their 
Work* by this operAtiohj the bonds Would be strength- 
ened as much as those t^kett mtn^ yeA¥s ago by an iron 
manufackret, who sold kis rails fOi^ half bonds and half 
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cash ; but double the necessaxy quantity was required 
of him to enable the company or contractor to sell hal^ 
and get the necessary cash to keep faith with him. 

It is not reasonable to expect from the managers of 
an irresponsible company, who have no interested con- 
stituency to protect, that care and unremitting vigi- 
lance in the expenditure^ of other people's money 
which is necessary to the economical construction of 
a railroad. There is, probably, no shorter road to 
bankruptcy than through such experiments. 

We do not suppose that either of the companies in- 
terested in the completion of this line, even if in a po- 
sition to undertake it, would consider- it just to their 
proprietors that they should embaxk in a work so for- 
eign to their expectations. It is doubtful if they could 
legally do so. 

The only course which seems to us as free from em- 
barrassment, and likely to lead to a successful result, is 
for the State to undertake the work on its own account, 
controlling its own agents, and holding them responsi* 
ble for the integrity of their management. 

We are aware that works constructed by States are 
usually expensive ; that changes in their management 
often occur with changes in the civil administration ; 
that men are frequently placed over them because of 
their political influence, rather than their peculiar fit- 
ness : and great waste is the inevitable result. 

But we venture the suggestion that, even with this 
excessively injudicious management, the losses have 
been but small compared with those resulting from a 
loan of credit to companies of doubtful responsibility. 

Excepting the construction of the Tunnel, it would 
doubtless be found advantageous to complete most of 
the work by contract The Tunnel, we think, should 
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be constructed directly h^ the State. To build it rap- 
idly, and in the end most economically, would require 
a pretty liberal early expenditure for machinery and 
other preparation. 

'To carry it on as rapidly as a due regard to the 
saving of interest upon its cost would require, is more 
likely to be done by the State than by a contractor. 

It would not be prudent for any man, having suffi- 

y cient capital to guarantee its construction, to embark 

in it, except at a price so high as to cover all risks, 

and much higher than it may fairly be expected to 

cost. 

It would not be wise, or according tq any precedent, 

for the State to expect to get the work done at the 

•contract price if it should turn out to cost more. It 

would certainly get no abatement if the price was found 

to be exorbitant. 

We are clearly of the opinion that it should not be 
constructed by contract, excepting in so far as parts of 
the work may be in detail to the men actually at work 
upon it, and even such contracts should not be perma- 
nent in their character. 

K a suitable lease can be eflfected, of which we have 
no doubt, we think the line between Greenfield and 
the Tunnel should at once be so far completed as to be 
brought into use. It will accommodate the people in 
the valley, develop the local traflfic, and be of material 
use in constructing the Tunnel. 

The cost of completing the whole work is so consid- 
erably beyond the unused portion of the two millions 
appropriation, that we have not thought it expedient to 
make any inquiry as to the price for which contractors 
would undertake any portion of the work. 
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EARNINGS. 

There is no means of increasing the business and 
developing the resources and enterprise of a people 
which bears any comparison with that of railroads. 
No condition of civilized man is so low as not to respond 
to its electrifying influence. 

Its power is so strong as to absorb the whole growth 
of a nation along its lines^ and bring to a stand still all 
regions outside of its reach. 

The best water powers will lie idle among a manu- 
facturing people Jivhen unprovided with railroads^; while 
the more expensive steam power is building villages 
all along their lines in places less favored by nature. 

i 

• 

The fall of the Deerfield River along the line of the 
Troy & Greenfield Raflroad, as shown by the profile, 
cannot be for from 600 feet. With one or two small 
exceptions, this large power is wholly idle ; and with 
the exception of that at North Adams, it lies nearer tb 
the food producing regions of the West than any other 
considerable water power in Massachusetts. 

At the east end of the Tunnel the road comes within 
15 or 20 miles of the extensive spruce lumber region 
of Southern Vermont, upon the Deerfield River. The 
county commissioners have already examined a route 
for a gradually descending road from the Vermont line 
to the Tunnel, and are ready to order its construction 
;as soon as the Railroad is constructed to that point. 

The outlet of this lumber now is over 25 to 30 miles 
of very hilly roads, to Brattleboro', North Adams, and 
Greenfield. 

Large quantities of hemlock lumber, near the Tun- 
nel, now cut merely for the bark, with railroad fa- 
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cilities, would become valuable for market. There are 
also here extensive deposits of soap-stone, which would 
soon contribute a ias^ge tonnage to the line. 

The highwuy alcmg the vailey ^f the Deerfield is 
exceedingly hilly, sufficiently so to very much restrict 
the movement of freight, and discourage all business 
requiring it As showing the amount moved by regu- 
lar carriers, we insert the following statement, made 
to a committee of tlie Legislature at its last session : — 

** To £he HdnoraUe the Legislative Committee on the Troy ds 
Greenfield Railroad and Hoosac Tunnel : 
We, the tmdersigned, b committee chosen for that purpose, beg 
leave to submit to joxa board the following statement, showing the 
amoimt of tonnage hauled, and passeng«*s carried over roads, to and 
from Greenfield and the points named along the line of the Troy & 
Greenfield Eailroad, during the year 1861 : — 



flDOWNS, kC. 



Shelbume, 
Coleraine, . 
Whitingham, 
Halifax, . 
Buckland, . 
Asbifield, . 
East Hawley, 
West *« 
Charlemont, 
2o«r, . . 
Rovv^, . . 
HoDsac Tunnel, 
C. li. i!\peHT, 
B. i. Kimbail 



Paint efShlpamit. 



Shelbume Falls, 

it u 



«( 



'« 



(( 



u 



*« 



« 



Xi 



it 



II 



it 



Charlemont, . 



Zdar, 



M 



Hoosac Tunnel, 
Stage Proprietor, 



4* 



«< 



Total tonnage, 

livery teeetpts on the ubote roifte, 



Amount of 
Tonvage. 



3,696 
1,862 

700 

610 

BdO 

BOO 

250 

473 
1,625 

425 

450 

610 
> • • 



12,351 



Goft at jwoMnt 
Priicai. 



$7,39200 
3,284 00 
1,400 00 
1,220 00 
1,700 00 
1,600 00 
500 00 
1,574 02 
5,301 25 
1,700 00 
1,800 00 
2,440 00 
5,000 00 
2,000 00 

. 5,000 00 
1^41,911 27 



66 COMMISSiaNERS' BEPOBT ON THE T. & G. B. B. 

The above includes merchandise and manufacturers' stock hauled 
by common carriers only. For the amount of produce of each town, 
and the prospective tonnage, we would respectively refer you to the 
statistics furnished and submitted to the Legislature of 1848. 

In addition to the above towns, the entire business of Savoy, 
Reedsboro', and Wilmington, with a large portion of that of Conway, 
would be secured upon the completion of the railroad to the eastern 
end of the Hoosac Tunnel. 

Signed, A. BOWEN, 

S. D. BARDWELL, 
E. M. WHITNEY, 
EDWIN STRATTON, 
HENRY C. BARDWELL." 

If this line be completed immediately from Green- 
field to the Tunnel, the business of this valley would be 
developing while the Tunnel was constructing, and by 
the time the Tunnel is completed it will have grown to 
considerable importance. 

When the road is opened through the Tunnel, the 
flourishing town of North Adams would be brought intQ 
such direct communication with Boston as to furnish 
the line considerable business. 

According to the census of 1860, the population lying 
west of Greenfield, within 10 miles of the Troy & 
Greenfield Railroad, on a distance of 44 miles, was 33,146. 
The population lying west of Springfield, and within 
10 miles of a like distance upon the Western Railroad, 
was 42,058. Just west of this distance, on the Western 
Railroad, is the town of Rttsfield, having a population 
of 8,045, while the next town west, on the Tunnel route, 
is Pownal, in Vermont, having a population of about 
2,000. If, during the eight years the Tunnel may be 
constructing, the population along the line increased 25 
per cent., which is not far from the average for the 
State, it would then be 87 per cent, as large as that now 
on the Western Railroad, including Pittsfield. 
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With the large amount of water power upon this 
line, which eight years of railroad facilities may begin to 
develop, it does not seem unreasonable to estimate the 
local traffic at the same amount, in proportion to popu- 
lation, as that upon this part of the Western Bailroad. 

The local business of the Western Railroad, between Springfield 
and Albany, for the year ending November 30, 1861, was — 

For local passengers, $1,589 per mile. 

" " freight, 2,460 •* « 

Estimating that for the Troy and Greenfield at 87 per cent, of this, 
it will be — 

For local passengers, $1,382 per mile. 

" " freight, 2,140 " " 



Throtigh Passenger Business. 

For through passenger business, the Western Railroad 
has great advantages over this line. With all the 
improvement which is likely to be made in the line 
through the Deerfield Valley, there will probably re- 
main more curvature, strong enough to be embarrassing 
to quick trains, on this than on the Western route, per- 
haps enough to equal the disadvantage of their heavier 
grades, which, for passenger service, are not a very serious 
obstacle. Of the 200 miles from Boston to Albany, over 
160 miles of it is double track, and the rest will probably 
be doubled before the Tunnel can be finished, if com- 
pleted with the least practicable delay. This advantage, 
in amount of double track, will more than compensate 
for the diflFerence in length, which, for the western pas- 
senger traflBc, must be computed to Schjenectady, where 
it is but 5 miles. 

If no bridge should be built at Albany, and no change 
of cars be required on the Tunnel route east of Sche- 
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ttectady, the physical advantages of the routes might 
be considered, so far as time is concerned, as nearly 
balaheed. ^ 

Thfe W^e^terti has another valuable advantage of a 
permanent character. The travel between Boston and 
Springfield is very large ; this, added to the New York 
travel through that city, renders it profitable to nui 
two, and sometimes three, express passenger trains per 
day, making but few stops on this half of the Albany 
roate* 

By taking the western passengers on these trains, 
they are enabled, witholit aliy es^tra expense, to give 
them great despatch over this half of their line. 

The distance from Boston, via the Tunnel, is 18 miles 
nearer to Saratoga than via Albiuiy ; this will divide 
that travel, which, during the pleasure season, is quite 
important. Many passengers will go one way and 
come the other for the change of scenery and 6ther 
causes, and the motelty of snch a work as the Tunnel 
will attract some, while for many large towiis, like 
Nashua, Lowell, Manchester N. H., Lawrence, Ports- 
mouth, Portland, and large poputoiiS districts north 
and east of the line, the distance is bo much in favor 
of this route as to control nearly their whole wiestern 
traveL While, therefore, the Western Eoad will com- 
mand the greater part of the through Boston passen- 
gers, there are other important isources from which the 
Tunnel line may reasonably expect a fair amount of 
long passenger traffic. 

The long east and west passenger traffic received a 
shock in 1857, from which it had not recovered wheii 
the war broke out This has since kept it in a istate 
of unnatmral depression. 

There is so little that is certain, and so much that 
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must be conjecture, in maJcing this estimate^ that we 
are melined to puu it as low as $400 per mile ; which, 
for 7 or 8 years hence, when the trade of the West may 
have doubled again, seems not unreasonable. 



Compmison of Routes. 

The great bulk of the freight carried between Boston 
and the West passes over the New York Central Rail- 
road or through the Erie Canal, — much the larger por- 
tion over the railroad. The distance from Lake Erie 
to Boston, by rail, is 498 miles. 

The distance between the waters of Lake Ontario, at 
Ogdensburg, and Boston, is 417 miles, or 81 miles 
shorter than from Lake Erie, at Buffalo. Againat liie 
cost of railroad transportation this e^tra distance of 
81 miles from Buflfalo, is to be put ^ the cost by water 
through the Welland Canal, Lake Ontario, and the 
upper Sti Lawrence, to Ogdensburg. 

The dijQTerence between the rates of freight from the 
western lake ports to Buffalo, and the rates to Ogdens^ 
burg, will give this cost This difference from the 
several ports is so nearly uniform, that the rates from 
one large shipping point will answer our purpose ; and, 
taking flour as a fair sample, they are as foUows : — 
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RATB8 OP FBEIOHT OK FLOXTR, FBR BARREL, 

FromDHroUtoBuffahfOndJromDeeroiito O^<i0Mi&Mry,/roM 1856 to 1882, « 

iivef during open Navigation, 



1858. 



April, . . 
May, . . 

June, . . 
July, . . 
August, . 
September, 
October, • 
November, 



1859. 



April, . . 
May, . . 

June, . • 
July, . . 
August, . 
September, 
October, . 
November, 



1860. 



April, . • 
May, . • 
June, . . 

July, . . 
August, • 
September, 
October, . 
November, 



To Buffalo. 



15 

13i 

12i 

l^ 

12i 

l^ 

14 

15 



Average 



11 
10 
10 
10 
10 
10 
15 
20 



Average 



13 

12 

12 

10 

17i 

20 

25 

264 



Average 



To OgdentlMirK. 



40 
36 
35 
32 
32 
32 
35 
40 



difference, 1858, 



30 
28 
26 
25 
26 
30 
38 
45 



difference, 1859, 



32 
30 
28 
26 
35 
48 
50 
58 



difference, 1860, 



Dtfforaic6. 



25 

22^ 

22^ 

191 

191 

19i 

21 

25 



21H 



19 
18 
16 
15 
16 
20 
23 
25 



19 



19 

18 

16 

16 

17i 

28 

25 

314 



21| 
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TABLE OF RATB8 OF FREIGHT, ftc— CONtiNUBD. 



1861. 



April, . . 
May, . . 
June, • • 
July, . . 
August, • 
September, 
October, . 
November, 



1862. 



April, • . 
May, « . 
June, • • 
July, . . 
August, . 
September, 
October, . 
November, 



To Buffalo. 



15 
15 
15 
15 
15 
15 
28 
32^ 



Average 



25 
20 

n\ 

17i 

17i 

2H 

28 

32^ 



Average 



To Ogdensbargp. 



Differenoe. 



40 
40 
40 
38 
40 
45 
60 
75 



difference, 1861, 



45 
40 
40 
40 
40 
52 
60 
75 



differenoe, 1862, 



25 
25 
25 
23 
25 
30 
32 
42^ 



281 



20 

20 

22^ 

22^ 

22i 

30| 

32 

42} 



26H 



Average for the five years, cents, . ' ^iW 



The average difference in the time of the voyage is 
about five days; the difference to Boston would be 
somewhat reduced from this, by the lesser distance from 
Ogdensbiirg than from BuflFalo. 

The diflFerence in marine insurance is, in April, -^^ 
of one per cent ; in May, June, July, and August, ^ of 
one per cent. ; in September, i of one per cent. ; in Octo- 
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ber, } of 006. per cent, and ia November, 1 per cent. ; aver- 
aging -f^^ of one per cent, or about 3| cents per barrel. 
This, added to the difference in freight, gives a total dif- 
ference of 27 cents per barrel. As the amount of flour 
moving in the early spring and the autumn months^ 
when the rates are highest, is much greater than in sunoi- 
mer, when they are lower, the real average is considera- 
bly higher than that stated. 

As, however, 27 cents per barrel is much more than 
the cost of transportation over 81 miles of railroad, the 
route via the New York Central will cost the least to 
the carriers. 

The Boston and Albany road is, therefore, the best 
freight line between Boston and the West, and it is 
with this that the Tunnel route should be compared. 

m 

Comparkon of Tunnel tvUh Western Idne. 

The system of equating the length of railroads, as 
we understand it, by adding a certain, distance for each 
degree of curvature, or for each foot of inclined grade, 
has no practical valuOi 

As a locomotive will haul but about half as much up 
a grade of 20 feet to the mile as upon a level, accord- 
ing to the equating theory a mile should be added for 
every twenty feet of rise in the grade, and this irre- 
spective of its rate per mile. Thus, a railroad 100 miles 
long, with 40 miles of 18 feet rising grades, gives a 
total rise of 720 feet, which would be equal to an ad- 
dition of 36 miles, making a total equal to 136 miles 
of level road ; and a railroad 105 miles long, with 2 
miles of 50 feet, 2 miles of 65 feet, 1 mile of 70 feet, 
and 3 miles of 80 feet rising grades, gives a total rise 
of 540 feet, which would be equal to an addition of 27 
miles, making a total equal to 132 miles of level road. 
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According to this theory, the road 6f 105 miks^ with a 
maximum grade of 80 feet per mile^ is 4 miles shorter 
than a road of 100 miles, with a maximum grade of 
18 feet per mile. 

This theory is equally Mlacious when applied to 
equating the distance by the curTature^ The curva- 
ture of the two lines will not be sufficiently different 
to materially affect their reletire capacity for transpor- 
tation of fi^ight 

The steepest grade upon a line is not always the one 
which limits the weight of the trains* It must have 
considerable length, or be so situated that a train will 
have to pass a part of it without the aid of the momen- 
tum with which it is approached. 

If the motive power upon a road doing a large freight- 
ing business is worked in more than one division, the 
effect of the controlling grades upon the traffic must 
be considered separately upon the different divisions. 
A convoy of trains tnay require 5 locomotives upon 
the steeper grades, where but 2 or 3 would be used to 
take them over the divkdons having the lighter grades. 

When the traffic in the different directions is very 
unequally balanced^ l:equiring many empty cars to be 
run in one direction, it may be that a long grade, rising 
in the direction of the heavy traffic, will he the contro 
ling grade of the division, though a much steeper an 
longer grade rises in the opposite direction. 

It is evident that in doing the local, or short busines 
when cars are constantly being added to and taken off 
the trains, the average lofvd will be fai? below the maxi- 
mum power of the locomotives. 

The irregularities of business will reduce the average 

weight of the trains in the long traffic somewhat, but 

by judicious management the through freight, if it be 

considerable, can be worked in very nearly full trains. 

10 
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In considering the effect of the grades upon the 
traffic, the average, and not the maximum trains, should 
be taken as the basis. 

It is better to obtain the probable Ay^ra^ of the 
loads, and some other data, from actual experience, 
when it can be had, rather than from estimate. The 
doings of the Western Railroad would form the best 
basis, but they probably have not kept the average 
loads moved on their different divisions separate from 
each other. Another long road, further west, in the 
same line, furnishes the following &cts from the freight 
business of their last year : — 

Average No. of tonk of freight per train, per mile, eastward, 192.29 
" *• " " " " •* ♦* •* westward, 50,01 

4i 44 *4 *i i( i* 44 44 44 44 ^ ^ ^ ^ 121.15 

Proportion of whole tonnage eastward, per cent., . . . . 79.36 
" '* " " westward, " '* 20.64 

Average weight of freight engines in service, .... 53,000 lbs. 
" " " " " and tender in service, 78,000 " 
'' 44 4( 44 trains eastward, looomotiTe and 
cars included, about 406 tons. 

The proportions between the eastward and west- 
ward through tonnage on the Boston and Albany line 
has been, for the aggregate of the last four years, 79^^^^ 
per cent, eastward, and 20^^ per cent westward; a 
proportion so nearly like the one quoted above, that 
the first may safely be taken as the relation between 
the east and west through tonnage in the comparisons 
which are to follow. 

Assuming that the friction of moving the trains is 
equal to a grade of 20 feet per mile, which is about 
right upon a fair track, and the average load per train 
on the road above quoted would be varied by the 
grades on the Tunnel and Western routes, as shown 
in the table on page 75. 
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TUNNEL LINE. 





Boston 


Fitchburgr 


Greenfield 


N. Adams 


DiTistoirs. 


to 


to 


to 


to 




Fitohburg. 


Greenfield. 


N. Adams. 


Troj. 


Length in miles, 


49.65 


55.5 


37.02 


47A 


Controlling grade eastward, feet, . 


34A 


m 


40 


39A 


" " westward, " • 


*o^ 


58 


58iV 


26A 


« " oitiMc^ " . 


WA 


481 


40 


39* 


Average load eastward, tons, . . 


183 


142 


164 


165 


" " westward, " . . 


47 


37 


43 


43 


" ** in both directions, . 


115 


89 


103 


104 


Distance from Boston to Troy, . 


• • • • 


• • • 


. . . 189 miles. 



Average load over the whole line, 102 tons. 



BOSTON AND ALBANY LINE. 





Boston 


Worooster 


SpriQgfield 


Fjttsfield 


DIVISIONS. 


to 


to 


to 


to 




Worcester. 


Springfield 


Pittsfleld. 


Albany. 


Length in miles, ••...• 


44 


54 


53 


49 


Controlling grade eastward, feet, . 


30 


60 


75^ 


45 


" " westward, " . 


30 


48^ 


83 


45 


" " of traffic, . . . 


30 


60 


. 75i 


45 


Average load eastward^ tons, . . 


201 


118 


95 


150 


" " westward, " . . 


52 


30 


25 


39 


" " in both directions, . 


126 


74 


60 


95 


T)iRtJiTice from T)oflt,oii to Albanv. . 






i 


200 miles. 


Average load orer the whole line, 






m • • ti 


6,87 tons. 











For Lines and Profiles, see plates D and E. 
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Only a small part of the working expenses are in- 
creased by an increase of the controlling grades. Nearly 
the whole of the cost of motive power, with the exception 
of fuel and water, does so increase. The nearer a road 
is to level the more fuel the engines, when full loaded, 
will consume per train per mile, because they will be 
working to their full power all Dhe time ; while on a 
heavily undulating road, they work to their maximum 
only up the controlling grades, and much of the time on 
the down grades fuel is consumed very slowly ; therefore, 
the heavier the controlling grade the less the fuel used 
per train per mile, but of course the more per ton per 
mile. On the very steep grades there is some extra 
wear of cars and rails, perhaps enough to balance the 
decreased consumption of fuel, leaving the extra ex- 
pense per ton per mile equal to the cost of motive 
power. 

The cost of this depends very largely upon the price 
of fuel; upon these lines it may vary from 25 to 31 per 
cent, of the whole cost of operating, and a fair average 
for the motive power would not be far from 28 per 
cent 

It has been found that the locomotive which would 
haul an average of 86^ tons . upon the Western 
Eailroad route, would take 102 tons, or 17i^ per 
cent, more, upon the Tunnel route. 

A net saving is therefore made of 28 per cent, of 
17^ per cent, or about 5 per cent, of the total cost of 
transportation, by reason of the easier controlling grades 
of the Tunnel route. This, represented by miles, would 
reduce the distance from 189 to 179^ miles, or, say 
180 miles, and reduce the general cost of transportation 
between Boston and the Hudson Kiver 10 per cent 
We are aware that from the east side of the river at 
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Albany to Schenectady the distance is but 17J miles, 
while from Troy to Schenectady it is 21 miles, or 3J 
miles further. The rates from the west, on the New 
York Central Railroad, however, have always been the 
same to both places ; and even should a bridge be built 
across the river at Albany, it will, probably, be as cheap 
for that Company to send a part of its business to Troy 
as to incur the inconvenience of passing it through the 
crowded Albany terminus. 

The distance from the West to Troy, by canal, is 
seven miles less than to Albany. 

The cost of transportation from the West to these 
two cities is quite uniform, and for practical purposes 
may be considered alike. 



Tunnel lAne Compared tvUh Line to New York. 

Having shown the relative freighting capacity of this 
line with that of others leading \xi Boston, it remains 
to compare it with the lines leading to New York, to 
show what eflFect, if any, it may have upon the relative 
position of these two cities for trade with the West, and 
as places of export for Western produce. 

The terminal expenses of the Hudson Eiver Railroad, 
necessarily incurred at New York, are very large. The 
great amount of hauling by horse power, and doing so 
extensive a business, with their grounds and tracks 
crossed by so many streets, in such a thronged city, 
must add quite enough to the expense of working 
their road to neutralize the economy of their more 
level grades as compared with the Tunnel route, and 
leave them no advantage but in their lesser distance. 

The distance from Albany to New York is 144 miles, 
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or 45 miles les3 than from Troy to Boston by the 
Tunnel route. 

Even with the use of horse power, it has not been 
found practicable to bring their freight trains within rear 
sonable reach of the principal exporting facilities of the 
city. A long and very expensive cartage intervenes. 
A large portion of the grain arriving by the Hudson 
River Railroad is in bags, and the cost of cartage from 
their freight station to the' storehouses is $1.50 per 
load, of 35 bushels, or say 4i cents per bushel, or $1.43 
per ton. There are, besides this, the storage charge, of 

1 to. IJ cents per bushel per month, the cost for labor 
of 1 to IJ cents per bushel, and, when shipped, an- 
other cartage charge of 50 cents per load, or 47 cents 
per ton. 

When grain arrives in bulk, which is not usually the 
case, it is lightered from the depot to the storehouse or 
vessel. 

When it is delivered direct from the railroad to the 
vessel, which is often the case, the cost of storage and 
short cartage is saved. 

On flour, the cost of cartage from the station to the 
warehouses is 12| cents per barrel, or $1.15 per ton. 
Cost of storage, 3 cents per barrel per month ; of labor, 

2 cents or more per barrel ; and cartage from ware- 
house to vessel, from 3 to 5 cents per barrel. When it 
is lightered from station to storehouse or vessel, the, 
cost i^ 9 cents per barrel. 

The cartage from the New York station of the Har- 
lem Road is considerably less than from the Hudson 
River Road, but the Harlem is about ten miles longer, 
and has much heavier grades. The cost from Albany 
to the ship's side at New York is probably very nearly 
alike over these two roads. 
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We have made our comparison with the Hudson 
River Road, because the bulk of the business is done by 
that line. 

The entrance of the Tunnel line into Charlestown is 
directly upon very extensive wharves, belonging to the 
Fitchburg Railroad Company, along side of deep water, 
and tracks are already extended to a large amount of 
similar wharf property belonging to private parties. 
Produce could here be unloaded from the cars directly 
into vessels, or into warehouses, from which no cartage 
would be required to the ship's side ; and even from the 
warehouses, as now located, but a little back from the 
front of the wharf, the cost of cartage would be quite 
insignificant 

The difference in cost of moving produce from the 
New York station of the Hudson River Railroad to ships, 
for export, and doing the same at the Fitchburg station 
in Charlestown, must be an average of more than a 
dollar per ton. This is much greater than any possible 
difference in cost between the railroad transportation 
from Troy to Boston and from Albany to New York ; 
for the difference in distance is but 45 miles, and the 
difference in cost on the long traffic should not be 
above 60 cents per ton, if even so much. 

During open navigation on the Hudson River, the 
cost of transportation between Albany and New York 
is very light. That which arrives at Albany from the 
West by canal, generally goes to New York without 
chatfge at Albany. That which arrives by rail, and a 
small portion of that arriving by canal, is taken to New 
York by steamers, and by barges towed by steamers ; 
the heavier produce mostly by barges. 

The cost of this transportation by barges is given in 
the following statement : — 
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Insurance upon the North River is nominal. Steam- 
boat and barge lines are regarded by the public, and 
by the lines themselves, as all rail in this respect. 
When any insurance, which is rare, is put upon a cargo 
of wheat or flour, it is not for more than one fifth of 
its value, on account of the probability of saving almost 
the entire cargo in case of accident. 

yhe through rate, by the canal, from the West to 
New York, is usually higher than the rate to Albany, 
by the amount of the barge rate gn the river. , 

If produce coming through from the West does not 
incur a transshipment expense at Troy, something will 
be saved in that way ; for this expense is usually at- 
tached to the barge freight, and is so much above the 
rates given in the preceding statement The store- 
house, and other expenses at Charlestown, would prob- 
ably be considerably less than in New York, still leav- 
ing, however, a margin in favor of New York, to go 
against the lesser distance from Boston to Liverpool ; 
though we think not nearly so great a margin as there 
is in favor of Boston, in the winter months, and not 
greater than the enterprise and interest of Boston mer- 
chant^ should induce them to so far overcome as to 
command a share of this export trade. 

In making an estimate of the amount of through 
business likely to be done eight years hence, the natu- 
ral increase should be carefully considered. 

It would be a work of much labor to trace all the 
produce which has been received for several years from 
such portions of the West as would naturally outlet in 
part over this line, and separate that which has been 
exported from the rest, and thus reach the home con- 
sumption contributed by that region. We shall therefore 
consider flour as a fair sample of the produce trade. 

11 
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It is strongly significant of the growth of this busi- 
ness that the through freight of the Boston and Albany 
line has increased very lai^gely, notwithstanding the 
opening of several new lines competkkg for the same 
traffic. This is shown by the following table : — 

STATEMENT OF THE FREIGHT BUSINESS BETWEEN ALBANY, BOS- 
TON, AND BRIGHTON, FROM 1843 TO 1862, INCLUSIVE. 



Year. 



1843. 
4. 
5. 
6. 

7. 
8. 

a 

1850. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
1860. 
1. 
2. 



No. of TOBB. 



26,585 

35,470 

42,573 

52,695 

107,655 

82,699 

79,945 

80,476 

68,130 

63,820 

86,180 

91,046 

98,486 

117,249 

80,828 

100,802 

98,489 

123,683 

172,958 

176,805 



Amount received. 



$113,807 
162,804 
185,278 
229,444 
455,563 
364,032 

t#49,lo7 

350,259 
312,698 
256,112 
330,960 
393,142 
482,695 
664,644 
446,484 
443,480 
375,582 
460,228 
585,486 
675,321 



REMARKS. 



Route from Troy, via Rutland, 
opened through. 

Ogdensburg route opened. 



C Through freighting, via Grand Trunk 
\ and Portland, commenced. 

C Providence and Erie began through 
C freighting. 
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To dispose of the minor irregularities of the traffic, 
if we divide these twenty years into four periods, of 
five years each, the results will be as follows : — 



End of Period. 


No. of Tons. 


Per ecnt. of 
Increase from 


Amount 


pier cent, of 
Increase from 


Arerag^e 
Bate 






last Period. 


Keccived. 


last Period. 


per Ton. 


1847. 


264,978 


• • • 


$1,146,896 


• • • 


$4 33 


1852. 


375,070 


41 


1,631,288 


43 


4 35 


1857. 


473,789 


26 


2,317,925 


42 


4 89 


1862. 


672,737 


42 


2,M0,097 


10 


8 77 



Had no new routes competing for the same business 
been opened, these figures would be a fair indication 
of the growth of the carrying trade between Boston 
and the West, but during this period the four new lines 
noted in the table of Albany and Boston business have 
been opened, and for a few years before the war the 
Baltimore & Ohio and Pennsylvania Central lines were 
also sharing the traflSc, making six new routes. These 
are all much less direct than the Albany and Boston 
line, and though in the last five years they have car- 
ried more than half the flour, they have probably car- 
ried less than half the gross tonnage moved. 

The flour brought to Boston in the last 5 years by the 

Boston and Albany line was 217,961 tons. 

The remaining through tonnage of this line was . . 454,776 " 

The flour brought in the same time by the four com- 
peting lines named in the table was 241,217 ^* 

Estimating the remaining through tonnage of all the 
competing lines at only one third of the Boston and 
Albany, which we think quite small enough, and 
it would be, say, 151,592 " 

Whole amount 1,065,546 « 
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* 

making a total for the 5 years of 1,085,546 tons, wkieh is about 400 
per cent, increase over the tonnage 15 years before, or over the 5 
years ending with 1847. This is equal to 58 per cent, increase for 
each period of 5 years. 

This increase has not resulted from any improve- 
ment in the lines of communication, for all the new 
lines have been longer and far less efficient carriers than 
the old one. We have no doubt that had one of these 
lines been shorter, or even as short, as the Albany and 
Boston line, the increase would have been greater. 

At this rate, the increase for the next eight years 
would be about 110 per cent over the business of 1862. 

If we estimate the incrctose to be but 60 instead of 
110 per cent, by the time the Tunnel is completed, the 
total woifld then be as follows : — 

Boston and Albany through freight for 1862 was . 176,805 tons. 

The same relative proportion for the other lines as 
was before estimated for the 5 years, would give for 
them, say, 103,258 



Total present tonnage, 280,063 

Add 60 per cent for the increase, 168,038 






Total amount of tonnage for 8 years hence .... 448,101 

If the Tunnel line should get one third as much as 

this, at ten per cent, less rate of freight than the 

Albany and Boston line received in 1862, it would 

have a tonnage of 149,367 " 

and receive on through freight the sum of ... . $513,524 00 
which would be per mile, $2,716 00 

It will be observed that the estimate of increase is 
not based upon any improvement in the line of com- 
munication, but is only ^-^ of the past increase, and 
this has been quite as rapid in late years as fonnerly. 
If, as we think we have shown, this line should be the 
means of increasing the exports of Western produce 
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from this port, the earnings from this source will be so 
much additional revenue to make up any deficiency 
resultinoj from an over estimate of the other business 
of the line. 

If no Western produce had been heretofore exported 
from Boston, we should be some in the dark as to the 
influence which a certain amount- of improvement in 
the carrying lines to the West would produce. Enough, 
however, has been exported to show its practicability, 
and to indicate that a moderate reduction in freight to 
this point would make it a profitable and prosperous 
business. 

The following table shows the amount of flour 
received in Boston from the West, and the amount 
exported from 1848 to 1862, inclusive, (see page 
86): — 

Only a small portion of the amount exported was 
coastwise, the greater part having gone to foreign 
ports. 

The rates of freight to Liverpool, as compared with 
New York, and with Portland in the winter, since the 
Grand Trunk Railway has been opened through, are 
shown in the following table (see page 87) : — 
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With a moderate amount already exporting to Liv- 
erpool, at rates averaging not more below the rates 
from New York than the distance from Boston to 
Liverpool is relatively less, it would seem as if the in- 
creased facilities offered by the Tunnel line should put 
it in the power of the Boston merchants to build up 
a large and profitable trade from this source. 

The manufacturing countries of the world are get- 
ting farther every year from the ability to produce their 
own food. Our western prairies are destined to per- 
manently supply a large part of their growing defi- 
ciency, and the transportation of food is to be one of 
the great elements of our nation's prosperity. A suc- 
cessful engagement in this trade may therefore be 
counted as a permanent source of prosperity to our 
shippers, our city, and our State. 

The other railroad companies forming wath this the 
Tunnel route, mindful of their own interest, and dis- 
posed to recognize, in a substantial manner, the benefits 
they will receive if the Tunnel be completed, have 
executed a contract, of which the following is a 
copy : — 

Contract • 

Whereas, for many years, great efforts have been 
made by the Troy & Greenfield Railroad Company to 
finish their railroad and construct the Hoosac Tunnel, 
which, notwithstanding the aid granted to them by 
the Commonwealth of Massachusetts, they have found 
themselves wholly unable to accomplish, the means and 
credit of the Company having become exhausted, and 
further progress having stopped nearly twq years ago, 
with no part of the road east of the Tunnel opened for 
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use, and the Tunnel but little more than commenced ; 
and, 

Whereas, it is of the utmost importailte to the rest 
of the railroads forming the line from Boston via Fitch- 
burg and Greenfield to Troy, that the said Troy & 
Greenfield Eailroad and Hoosac Tunnel should be com- 
pleted, by which they may become part of a short 
through line to the West ; and, 

Whereas, the cost of constructing the said Hoosac 
Tunnel will be very large, and to a great extent uncer- 
tain in amount, and, at the least, wholly disproportion- 
ate to its revenue-earning value when considered as a 
piece of railroad of only its real length, while it will be 
of such vast benefit to the said whole line of railroads 
from Boston to Troy, that its construction is warranted 
as a commercial undertaking ; 

Nevertheless, the railroads so interested in and de- 
sirous of its construction, and to receive such large 
benefits therefrom, are not in a position to undertake 
it, or to render adequate aid to the Troy & Greenfield 
Bailroad, to enable that Company to construct it, but in 
lieu thereof are willing to pay such just proportion of 
their earnings from business which may pass through 
said Tunnel, or over said road, as shall be an equitable 
return for the benefits received. 

Now, therefore, the Vermont & Massachusetts Eail- 
road Company, and the Fitchburg Eailroad Company, 
corporations created by the laws of Massachusetts, and 
the Troy & Boston Eailroad Company, a corporation 
created, by the laws of New York, in consideration, that 
the Commonwealth of Massachusetts shall construct, or 
complete, or cause to be constructed or completed, the 
said Troy & Greenfield Eailroad and Hoosac Tunnel, 
hereby severally, and not jointly, agree and bind them- 

* 12 
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selves and their assigns to the Commonwealth of Mas- 
sachusetts, to pay to the said Commonwealth certain 
sums of moneys as follows : — - 

Each of said Compgwiies hereby agrees to pay to said 
Commonwealth twenty (20) per cent, or one fifth of 
all its gross earnings, upon such passenger and freight 
business as shall pass upon or over any part or the 
whole of the said Troy & Greenfield Railroad. For 
example : If either of said Companies shall transport 
upon their railroad a ton of freight, and receive as their 
gross earnings for the same the sum of one dollar and 
fifty cents, and said freight shall pass over said Troy & 
Greenfield Railroad, or any part thereof, either before 
or after such transportation, then this said Company 
shall pay to said Commonwealth the sum of thirty (30) 
cents, and in the same proportion for earnings from 
passengers, or for a greater or less amount of earnings 
from passengers or freight which passes over any part 
of said Troy & Greenfield Railroad. 

Provided, that if and whenever the payment of the 
said twenty (20) per cent., together with any similar or 
other payments which may have been actually re- 
ceived from any and all other sources, on account of 
earnings, shall make the net earnings upon the cost of 
the said Troy & Greenfield Railroad and Hoosac Tun- 
nel, and the equipment thereof, more than six (6) per 
cent, in any year, or the gross earnings more than thir- 
teen (iS) per cent, for any year, then and in that case 
the said twenty per cent, may be reduced, for the time 
being, to such a less per cent, as, together with any 
similar or other payments which may have been actual- 
ly received from any and all other sources on account 
of earnings, shall make the said net earnings six (6) 
per cent., or the gross earnings thirteen (13) per cent; 
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on the cost of the said Troy & Greenfield Raih'oad and 
Hoosac Tunnel, and the equipments thereof. 

Provided, that whenever the earnings of the said 
Troy & Greenfield Railroad shall, without the pay- 
ments therein provided for from the respective Com- 
panies, amount for four (4) consecutive years to not 
less than six (6) per cent, net, or thirteen (13) per cent, 
gross, in each separate year, upon the cost of construct- 
ing the said Troy & Greenfield Eailroad and Hoosac 
Tunnel, and tte equipments thereof, then the payments 
herein provided for shall forever cease. 

So far as this agreement is concerned, the cost of the 
said Troy & Greenfield Eailroad and Hoosac Tunnel, 
and equipments thereof, shall be estimated to be, on 
the first day of January, A. D. 1863, the sum of nine 
hundred and sixty-eight thousand eight hundred and 
sixty-two dollars ($968,862), to which shall be added 
the cost of their completion, as it shall be from time to 
time expended ; and there shall also be added to the 
cost of construction the interest, at the rate of five (5) 
per cent, as it shall from time to time be paid on the 
bonds, which may be issued by the Commonwealth to 
raise money to pay for construction or interest ; and 
upon such money as may not be raised by the issue of 
bonds, the interest at the same rate of five (5) per cent 
shall be charged into the cost, on the first day of Janu- 
ary and July in each year. 

Provided, that no interest shall be charged into 
the cost of the works after eight years from the date 
hereof. 

Provided, that all sums of money received as profits 
from operating or working a part of the said Troy & 
Greenfield Railroad, and for rents of the same before 
business shall commence to pass through the said 
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Tunnel, shall be deducted from the cost, as the same 
may from time to time be received. 

And should it so happen after business shall have 
begun to pass through said Tunnel, that the net 
earnings, over and above all expenses, together with 
the payments which may be received under the pro- 
visions of this contract, amount, in any one year, to 
less than five (5) per cent, net, or eleven (11) per cent, 
gross, upon the cost of the said Troy & Greenfield Rail- 
road and Hoosac Tunnel, together with the equip- 
ments thereof, then and in any such case the deficit, 
or amount which said net earnings and payments are 
below five (5) per cent, net, or eleven (11) percent, 
gross, shall be added to the said cost, and the cost so 
increased shall be then reckoned, so far as this agree- 
ment is concerned, as the cost of the said Troy & 
Greenfield Railroad and Hoosac Tunnel, together with 
equipments thereof 

Settlements of accounts, under this provision, fehall 
be for years ending December 31st, and for the first 
settlement, which may be for a fraction of a year, the 
interest shall be charged at the same pro rata rate for 
the said fraction of a year. 

It is understood, that for such business as originates 
upon the Troy & Greenfield Railroad at or west of 
North Adams, and passes westward over any part of 
the Southern Vermont or Troy & Boston Railroads, 
and for such business as comes from the Troy & Bos- 
ton or Southern Vermont Railroads and does not pass 
upon the Troy & Greenfield Railroad any further east- 
ward than to North Adams, the Troy & Boston Rail- 
road Company shall not, by reason of this contract, be 
required to make any contribution to the Common- 
wealth of Massachusetts. 
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It is hereby agreed, by the said several corporations, 
that they will pay and receive, as their respective pro- 
portions of the gross earnings on any freight or passen- 
gers which pass over the said Troy & Greenfield Eail- 
road, or any part thereof, and over any part or the 
whole of their several railroads, their pro rata propor- 
tion on each passenger or parcel of freight, which shall 
be computed and divided according to the distance it 
may have been carried upon the line between Boston 
and Troy ; and from the gross earnings, so ascertained, 
the twenty (20) or other per cent, aforesaid is to come 
and be paid to the said Commonwealth, except as here- 
in before provided in case of Troy & Boston Railroad 
Company. 

The payment of the said twenty (20) or other per 
cent, to commence when business begins to pass 
through the Tunnel, though the said Tunnel, or road 
and equipments, may not have been fully completed. 

Such payments to be made monthly, as soon as 
practicable after the close of each month, and in any 
event before the close of the next succeeding month 
from the one for which the payment is due ; and the 
books of said companies, in which are kept the earnings 
accounts, to be subject to the inspection, at any time, 
of a proper officer of the Commonwealth. 

It is hereby agreed that, in the event of the Troy & 
Greenfield Railroad Company, or any other party, re- 
deeming the said Troy & Greenfield Railroad and Hoo- 
sac Tunnel, and equipments, from the claims of the 
Commonwealth, the Commonwealth may, or may not, 
at its election, transfer to the party which should re- 
deem, all its rights under this instrument, or continue 
to hold the same for its own benefit. 

And the said Troy & Boston Railroad Company 
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agrees that, for the purposes of this contract, the entire 
distance from the State line of Massachusetts to the 
city of Troy shall be deemed and treated a part of its 
road, although a portion thereof is leased by it from 
another corporation. 

In witness whereof, the parties have hereunto aflfixed 
their hands and seals. The said Fitchburg Railroad 
Company, this 23d day of February, A. D. 1863, by 
their President, duly authorized therefor ; and the said 
Vermont & Massachusetts Railroad Company, this twen- 
tieth (20th) day of February, A. D. 1863, by their Pres- 
. ident, duly authorized therefor ; and the said Troy & 
Boston Railroad Company, this 18th day of If ebruary, 

A. D. 1863, by their President, duly authorized therefor. 

TROY & BOSTON R. R COMPANY, 
By D. Thos. Vail, President. 
In presence of [seal.] 

D. W. MosELY, as to signature 
D. Thos. VAHi, Presidmit 

THE FITCHBURG RAILROAD COMPANY, 

By Jno. J. Swift, President. 
Witness to the signature of [seal.] 

John J. Swift, President, 
A. Chapman. 

VERMONT & MASSACHUSETTS R. R. CO., 

By Robert Hale, President. 

B. D. Locke, witness to signature of [seal,] 
Robert Hale, Presidevd. 
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We do not know that this contract requires any ex- 
planation from US, except the simple statement that 6 
per cent, upon the total estimated cost of $5,719,330 
is equal to 8 per cent, upon $4,287,833, the amount 
required to complete the work; and we now give a 
summary of the 

Estimaied Earnings. 

* 

P(om local passengers, $1,382 per mile, for 44 miles, . $ 60,808 

freight, $2,140 per mile, for 44 miles, . . 94,160 

through passengers, $400 per mile, for 44 miles, . 17,600 

freight, $2,716 per mile; for 44 miles, . 119,504 

Mails and express, &c., . 10,000 

Total earnings on line, $302,072 

Deduct 55 per cent, for operating expenses, .... 166,139 

Net earned on road, $135,933 

Estimating the local passengers to pass an average of 30 
lAes upon the other roads in the line, and the local 
freight an average of 60 miles, the payments under the 
contract with the other companies will be as follows : — 
On local passengers \ of 30 miles = 6X1,382 =. . . $ 8,292 
** " freight I of 60 maes = 12X2,140= . . . 25,680 

♦* through passengers ^ of 145 miles = 29X400 = . 1 1,600 

freight \ of 145 miles = 29X2,716 = . . 78,764 
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Totnl net earnings and receipts, $ 260,269 

This is 4^5j»^ per cent, upon the whole estimated capital 

and interest of $5,719,330 

It is ^jisxi por cent, upon the estimated capital and 

interest required to complete the Road and Tunnel, . 

which is $4,287,883 

The amount already advanced by the State, and the 

interest upon it, included in the "whole estimated 

capital," is $1,431,447 

This amount, and the future interest upon it, would be practiciilly 
sunk if the work should not be further prosecuted. 

If, after this line is opened, the Boston mercliants do 
their share of the work, which we think their interest 
will prompt them to do, the increase of business be- 
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yond this estimate should be large and satisfactory, not 
mainly by withdrawing traffic from the old line, but 
by that increase of business which always keeps pace 
with increased facilities. 



CONCLUSION. 

The State of New York built the Erie Canal, and its 
influence has reduced the price of food in the smallest 
hamlet of Great Britain.* 

The sixty-two millions spent upon her canals have 
given that State the leading position in this country. 
Without them, the Hudson River, draining an insignifi- 
cant area, could have built but a moderate city at its 
mouth. 

The level grades and direct line of the New Ifi^rk 
Central Eailroad did not prevent the State from large- 
ly aiding in the construction of the Erie Railroad, to 
which its citizens added some thirty-eight millions, 
from higher motives and a broader policy than mere 
investing for dividends; making large personal sacri- 
fices to force that work through a very difficult coun- 
try, and provide one more inlet to their city for the 
increasing products of the West. 

Pennsylvania has invested large sums in public 
works-, to shorten the distance between Philadelphia 
and the same producing regions ; and that city and her 
citizens have but lately completed a noble line, of 
more than 800 miles, from Philadelphia to Chicago. 

The State of Maryland and city of Baltimore pro- 
vided more than twelve millions of the capital to 
construct the Baltimore & Ohio Railroad over and 
through the mountains to the West. 
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New Yofk Canals* $62*008,000 

Hudson River and New York Central 
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New York & Erie Railroad, .... ^^,000,000 

<^146,0d0,600 
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Pennsylvania Railroad, 7,500,000 
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•5a,5B0^€«iO 
Baltimore uld Ohio Railroad, .....««. 80^000^00 
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A very large proportion of these vast expenditures, 
to take the Western trade to other cities, has been in* 
curred since Massachusetts made her only suecessfiil 
effort; and while the avenues to other cities have been, 
widening, deepening, and growing more numerous, 
those to Boston have not been improved. 

It has naturally resulted that the relations between 
the West and the other Atlantic cities have grown 
more and more intimate, and those with Boston less so, 
as the relative distance between Boston and the West 
has year by year increased. 

We cannot but suggest, that Massachusetts can hard- 
ly look with indifference upon the gradual waning of 
her relations with those who, in the early future, must 
control the country. 

The soil of our State requires a home market for its 
products, which our manufactories only can supply. 

Both our agriculture and our commerce depend 
upon our manufactures, and it is of great importance 
to this interest that it be in a position to exchange its 
goods for the food it must buy with the least expendi- 
ture in transportation, for this both reduces the price 
of its goods and raises the cost of its food. 

Every measure, therefore, which will shorten the 
distance between Boston and the West should receive 
oiu* careful consideration, for it will aid our commerce, 
our manufactures, and, indirectly, our agriculture. 

The coastwise trade of Boston would feel the influ- 
ence of having cheaper food to distribute. 

A share in the export of Western produce, which 
now goes to the north and south of us, would be with- 
in our reach. 

The construction of the New York & Erie, the Penn- 
sylvania Central, and the Baltimore & Ohio RailroadS| 
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all shorter from the West to the seaboard than the 
New York Central, have not taken away its business, 
or sensibly diminished its prosperity* 

The vast tonnage moving over the newer constructed 
lines has not prevented a very large and continuous 
increase in that of the New York Central, the through 
tonnage upon which has, for several years, been as 
follows : — 



Years ending September 30, — 

1856, 253,288 tons. 

1857, 292,877 

1858, 312,408 

1859, 348,079 

1860, 412,526 

1861, 551,897 

1862, 777,190 



Why should it be otherwise here ? 

The increase of this trafl&c, as shown by the state 
ment, has been too strong to yield to the general de- 
pressions of 1857 and 1858, and promises for the future 
a large volume to draw from. 

By the time the Tunnel can be completed, the pub- 
lic interest requiring it will have grown large enough 
to pay for the outlay. 

The impulse given to business by the new facility 
would soon fill up the new line, and make up the tem- 
porary loss felt by any other. 

Considering the large sum which the Commonwealth 
has already invested in this work, which must be sunk 
if it is not completed ; the reasonable protection from 
loss which is oflFered by the other Companies interested 
in the line ; the more intimate relations it may pro- 
mote between Massachusetts and the West; and the 
benefits which such an additional facility promises to 
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the great interests of the oit j and State^ we are of 
ppision that the work should be undertaken by the 
Commonwealth, and completed as early as it ean be^ 
with due regard to economy. 

We have the honor to be, 

RQ^peqtfully, yoviT obd't servants, 

J. W. BROOKS, ^ 

S. M. FELTON, I Cammmioners. 

ALEX. HOLMES, i 

relnmoru 28, 1863; 
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REPORT ON EUROPEAN TUNNELS. 



• 



• 



BY CHARLES S. 8T0RR0W. 



Boston, November 28, 1862. 

To Messrs, J. W. Brooks, S. M. Felton, Alexander Holhes, 
Commissioners appointed under the Act of the Legislature of the Com- 
monweakh of Massachusetts^ approved April 28, 18 Q2, in relation to 
(he Troy and Greenfield Railroad^ and Hoosac Tunnel, ' 

Gentlemen, — Having at your request with the approval of the 
Governor and Council, undertaken a journey to Europe, for the pur- 
pose of examining some of the most important timnels there constructed^ 
and especially the one now in progress under the Alps, at Mont Cenis 
between France and Italy, which in many respects was supposed to be 
a work more nearly analogous to tliat proposed under the Hoosac 
mountain than any other, I left home on the 28th of July last and 
returned at the close of October and now have the honor to submit to 
you the result of such examinations as I was able to make during the 
period of time devoted to this object. 

On my arrival in England, through the kind offices of Messrs. 
Baring Brothers & Co., and also of Mr. Thomas E. Blackwell a dis- 
tinguished engineer, who has numerous friends in America, I readily 
obtained introductions to the members of the profession whom I par- 
ticularly desired to see, and facilities were freely offered me for visiting 
the works under their charge. 

The Great Western Railway, with its numerous branches, forms 
one of the most important lines in England. Some portions of it pass 
through a very rough country, where frequent tunnels are required, 
and the gauge of this road being seven feet, which is wider than that 
of any other in England, its tunnels have all been constructed of large 
dimensions and are fine specimens of workmanship. 

This road, originally built by Mr. Brunei, is now with its branches 
under the charge of Mr. Michael Lane as engineer, a gentleman of 
very great practical experience, long associated with Mr. Brunei, under 
whom he was connected with the construction of many important and 
difficult works including the tunnel under the Thames at London. 

(5) 
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In company with Mr. Lane I walked for a mile in the new tunnel, 
starting fix)m the Paddington terminus of the Great Western Railway 
and running under London towards Newgate, being a part of the 
Metropolitan extensions, or lines intended to bring the various railways 
entering London into communication with each other. This tunnel — 
•where I saw it — is near the surface and is in fact rather a railway 
track arched over, than a tunnel in the usual acceptation of tffat term. 
It is lined throughout with brick masonry, which appears to be ex- 
tremely well built. Tunnels of this sort are not unfrequent in the 
large cities of England, where land is very valuable, and tracks can 
thus be made to cross important thoroughferes without hindrance. 
There is little" to be learnt from them however, in relation to the 
work we have now more particularly in view in Massachusetts. 

Mr. Lane kindlv furnished me with letters to the resident engi- 
neers at various stations upon the Great Western Railway, with which 
I at once proceeded to Bath and Bristol. 

*; 

. BOX TUNNEL. 

" The Box Tunnel," between Chippenham and Bath, is the most 
important tunnel upon the Great Western Railway. It is thirty-two 
hundred yards, or more than one smd three-quarter miles in length. 
In section it is thirty feet wide at its greatest width, and about twenty- 
four and one-half feet high above the rails. Nearly one-half its 
length passes through Bath oolite, of which I have brought home 
specimens ; the other half through clay. The accompanying drawing, 
given me by Mr. Lane, shows more particularly its transverse section ; 
and the profile, which I copied from a drawing in the office of Mr. 
Reynolds the resident engineer at Bath, shows its grade and the 
position of the shafts. [Plates L, II.] 

It is straight, and rises from one end to the other at the rate 
of 1 in 100, or 52-^ feet per mile. For about three-quarters 
of a mile from its upper or eastern end, it is a rough cut in 
rock, with no lining of masonry, except that here and there small 
pieces of brick work ai'c built in, to secure weak spots— looking 
like mosaic upon the natural face of the rock. The remainder of 
its length is lined tliroughout with masonry, the sides being in general 
built with Bath oolite, excavated during its construction, and the arches 
of brick. The thickness of the lining is twenty-seven inches, except 
at the invert, where it is eighteen inches only. There is a drain in the 
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Plate II. 
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EFFECT OF TRAINS ON VENTILATION. 9 

centre, which Mr. Reynolds told me was two feet wide by two and a 
half feet high, covered and out of sight, as is usual in England. The 
sketch given me by Mr. Lane shows a different form of drain ; but I 
• may here remark, that in works of this character, which have been 
built for more than twenty years, and have therefore necessarily under- 
gone repairs from time to time, changes have sometimes been intro- 
duced, or slight modifications, either in drainage, or in masonry lining, 
and even to a slight extent in the internal dimensions of the tunnel, 
leading to some slight discrepancies in the accounts given by different 
persons of the same work. 

The material of the road bed is gravel, and the rails here, as on 
other parts of this railway, rest on longitudinal timbers. Mr, Lane 
informed me that these timbers, which are pine from North America, 
last better in the tunnel where they are wet, than on other parts of the 
road where they are more exposed to changes of temperature. This 
was confirmed by Mr. Reynolds and by the inspector of the road 
having charge of the repairs, both of whom accompanied me in the 
tunnel. The profile shows seven shafts ; iive only are now open, the 
others having been closed after the construction of the tunnel. They 
are of unusually large dimensions, being twenty-five feet in internal 
diameter. They are over the centre of the tunnel, and where they in- 
tersect it, they are widened to the full width of thirty feet. The deepest 
of these shafts is about three hundred feet ; they are lined with brick 
and the interior is smooth. Their great diameter seems to have been 
a peculiar notion of Mr. Brunei. The general opinion at present — 
in which I tlrink the engineers connected with this line concur — ^is 
that such large dimensions are quite unnecessary, — and from nine to 
twelve feet in the clear is the size usually adopted upon more recent 
works. This tunnel was among the earliest railway tunnels in Eng- 
land, having been commenced in 1836 and completed in 1841. 

In order to judge by personal observation of the ventilation in this 
tunnel, I first rode through it several times in passenger trains at the 
usual speed. In one instance, being alone in a compartment of the 
car, I opened all the windows and placed myself exactly where the 
smoke or steam would blow directly against my face. In no instance 
was I at all incommoded, and but for the difference of sound and light, 
I should not have noticed that I was passing through a tunnel at all. 

Upon the visit which I made for the purpose of a closer examina- 
tion, I walked about half way through it in company with Mr. Rey- 
nolds and the Inspector and slowly passed through the remainder in a 
hand car. On entering the tunnel the further end was very distinctly 
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10 ntvom 0^ tvnoniA^ tojjkel». 

istcii j (lie Aaj waa ckar ftai brf^it* Aftcff We bad gone ttroagt about 
one-thirf of itst kflgtb, a loconooPtiye passed \i% gcAiig dcrmi the tiinnel, 
find pf oAacei ha perceptible sitioke^ A rmroeni after, an express 
pass^ettgei' tmitl pHtssed tii*, g€^g up an the other track. It filled the- 
tunnel witli sltioie and pr()dti€Jed peifect darkness— not m\j so that 
neither end of the ttintiel emM ttiif longer be seen, bat that tipoD 
removing the lights we were carrying, the person who sslt 6t my side, 
talking with me and touching ffle, was absolutely iiiti«Able 5 with all 
this however, there was nothing in the least troablesowe to respira- 
tion. As we proceeded and successively passed the large shafls, a ray 
of light appeared directly under them, which a moment after wa» lost 
again in the intense darkness and this continued until we reached the 
other end of the tunnel, after an interval of fifteen or twenty minutes 
from the passage of the express train. The tunnel is somewhat wet, 
but not so as to occasion much inconvenience except in a few spot«, 
and at the shafts. At these a considerable quantity of water is con- 
stantly dripping down, which much annoys the workmen and all who 
have charge of the repairs. The ventilation 6f the tunnel depends a 
good deal upon the weather. Whenever a strong clear wind is blow- 1 

ing, the smoke escapes very quickly ; but in fo^gy weather it is quite i 

troublesome to the w^oikmen. I could not find however, that it 
seriously interfered with their work ; and indeed Mr. Amor, the in- 
*spector, told me there never was a time when work could not be done 
there if required. No artificial means have ever been used to venti- 
late this tunnel since it was opened for travel; but the passage of 
quick trains going down the tunnel, in the ordinary courae c£ the opera- 
tions of the road, is a powerful agent for this purpose. The grade, as 
has been stated, is 1 in 100, or 52.80 per mile. With so steep a grade, 
the steam, on the descent of the tunnel, is nearly or quite shut ofi^ and 
the train passes quickly through. The first engine which passed us, 
fflioring down, while we were in the tunnel, produced no perceptible 
effect upon the air ; but in ascending the tunnel there is a great expen- 
diture of steam ; the trains move slowly and heavy trains are assisted 
hj a second engine. All this of course vitiates the air, as we noticed 
upon the passage of the express train upwards. The quick passage 
of a train always produces a current in the direction of its motion, and 
if made by a train running downward and therefore using but little 
steam, its effect in clearing the tunnel is very marked. This effect 
however, is said to be rather impeded than assisted by the presence of 
shafts ; and I found that the persons who had charge bf this tuimel 
taking thiB circumstance into consideration together with the trouble 
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' from water admitted by tke sliafts, w«uld be pleased to have them 
closed altogether and to depend for ventilation upon a natural current 
from end to end, caused by difference of temperature, or prevailing 
winds, and the artificial current produced by the passage of quick 
trains. Thirty-four passenger trains and fourteen freight trains pass 
through this tunnel every day, making forty-eight trains one way in all, 

^In addition to this there are frequent special trains and also the return 
trips of the assistant engines, 

Wheie this tunnel is not Imcd with masonry a careful examination 
is frequently made by the workmen, with a ladder and torch, to see if 
any portions of the work have become loose or are likely to fall. If 
so, they are removed at once, and if the adjoining rock is hard, 
nothing more is necessary ; otherwise, a lining of brick work is put in. 
'The most dangerous enemy is frost. In \wnter enormous icicles are 
sometimes fonned by gradual accretion and if not removed would be 
very dangerous. Piping the construction of this tunnel, great difficul- 
ties were encountered from the excessive quantity of water, which 
inundated the works, sometimes even occasioning their partial suspen- 
sion and powerful means were required to overcome the obstacle. 
At one time the water fairly got the mastery over the machinery used 
for its removal, and it was only after starting an additional set of 
pumps, worked by a fifty horse-power engine, that the work could be 
resumed- I found it impossible to obtain any correct account of the 
cost of this tunnel. It was one of the .early works of this kind and 
unquestionably a very expensive one ; but it was part only of a very 
great and costly enterprise and I was frankly told that if I obtained 
prices, they could not be depended upon, — ^that in these great works 
many things were massed together, and that when a division was to 
be made between the several items, large sums might reasonably 
enough be thrown from one to another, to rest where they could best 
be borne. Indeed, any engineer who has had charge of very large 
works knows how difficult it is to keep the division of the expenditures 
correctly ; and, in a case like this, where those who constructed the 
tunnel twenty-five years ago are no longer living, and those who now 
own it no longer care, it is out of the question to obtain reliable infor- 
mation. The general belief of those most likely to be correct was^ that 
it must have cost at least £350,000,* or $1,750,000, which is about 

» 

* In inducing Eoglish and French money to oar own, I take five dollars as the equi< 
valent of one pound sterling, ^d one dollar as the equivalent of five francs. This is 
convenient for cakalation, and sufficiently accurate for the comparisons which maj 
be suggested in this Report. 

c 
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$547 per yard in length. Many persons estimate it to have cost much 
more. Its cost however, is of but little consequence to us for our 
. present purpose. The most interesting questions are its size construc- 
tion and ventilation, which are easily obtainable. 

Directly beyond the Box Tunnel on the way to Bath is the 

m 

MIDDLE HILL TUNNEL. ^ 

This tunnel is short, only six hundred and fifty feet in length. It is 
similar to the Box Tunnel in section, and is lined with masonry the 
whole way. Beyond this, and on the same line of raUway, are the 

TWEBTON AND SALTFORD TUNNELS. 

They are both short — the Twerton being about four hundred and 
forty yards in length, and the Saltford about tw(^ hundred and twenty. 
Their section is like that of the Box Tunnel already described. The 
Twerton Tunnel is in the blue lias and is lined with masonry through- 
out. It was constructed by means of three temporary working shafts, . 
besides the two ends, and the line of rails is about seventy-five feet be- 
low the surface. Specimens of the blue lias I have brought with me. 
The Saltford Tunnel is in blue Kas and is lined with masonry, but 
without invert, and is only about fifty-two feet below the surface. 

These tunnels, which I passed through in a hand-car, on the wjty to 
Bristol, have no remarkable characteristics, but are mentioned to show 
at what shallow depths English tunnels are sometimes constructed, 
and for what short lengths the engineers in that country resort to the 
use of working shafts. 



BRISLINGTON TUNNELS. 

Near Bristol, on the same line, are three tunnels called the Brisling- 
ton Tunnels, Nos. 1, 2, and 3, which I visited also in company with 
Mr. Reynolds, in whose division of the road they were situated. In 
section they are similar to the Box Tunnel, but not quite so high. 

No. 1 is 330 yards in length ; 
No. 2 is 220 « « ^ " 
No. 3 is 1,100 " « ' « 
These tunnels are chiefly in Pennant rock, which is very much 
harder than the Bath oolite. 
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No. 3,, which is the most important one, is left partly as originally 
cut in the rock, without any masonry, — ^is partly lined with masonry 
of Pennant stone, put in when it was first constructed, and partly 
lined with brick masonry put in after the line was opened for 
use. The Pennant is very hard, as will be seen by the specimen 
I have brought with me, and is said to be very durable. This 
is by no means the case with the Bath oolite, which I saw in repeated 
instances, both in and out of the tunnels in this neighborhood, to 
be crumbling and falling off in fiakes from the face of the masonry 
wnere it is used. Indeed, at Bath the viaducts of the railway are 
in some places fairly mottled with brickwork, inserted to replace 
defective stont5 which required removal. The masonry originally put 
into the Brislington tunnels is extremely good ; but wherever it has 
been found necessary to introduce masonry after the opening of the 
line, in consequence of the rock becoming loosened by frost or other- 
wise, bricks have been used as being more easily obtained and handled, 
and more quickly laid. Indeed, the use of bricks as a lining for tunnels 
appears to be very general throughout England and probably for 
these reasons. The drain in these Brislington tunnels is in the centre, 
between the tracks and covered, as in the Box Tunnel. In several 
instances where water from behind the masonry was troublesome, 
percolating from the top or sides after its construction, small channels 
about nine inches square were cut into the masonry, extending upwards 
vertically from the floor of the tunnel to the spring, or even to the 
crown of the arch, and then cut through it to the back side. The 
face was then closed up by one thickness of brick, leaving thus an 
internal flue or conductor to lead the water from behind the masonry 
to where it could reach the central drain. This was said to have 
been done in many cases with excellent effect. A similar brick flue 
was occasionally made against the face of the rock to carry to one side 
the drippings from a seam, which would otherwise have fallen upon 
the track. The cuttings on each side of these tunnels were quite deep, 
varying from Mtj to seventy feet. The road-bed is of gravel — ^Mr. 
Reynolds remarking that he found it much the best material and 
adding that the timbers lasted longer in the tunnels where the gravel 
was wet than they did outside. There is no difficulty in these short 
tunnels as to ventilation. 

From a manuscript paper read at a meeting of the members of the 
Institution of Civil Engineers in 1842, by Mr. Chtirles Nixon, who 
superintended a portion of the works between Bristol and Bath, I 
obtained the following information : — When the construction of No. 3 
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tunnel was commenced^ it was supposed that three wbrkiji'g shafla 
would be sufficient and the contract was made with this stipulation ; 
but owing to the hard nature of the material and the limited time, it 
became necessary to make for this tunnel six additional shafts, making 
a total of nine — the object being to expedite the construction; Tl 
three working shafts were about one hundred and ten feet in depth and 
fifteen feet internal diameter ; a driftway, seven feet wide and eight 
feet high, was run the whoJe length of the tunnel before the enlarging 
to its full section was commenced. This driftway was completed in 
ei^t months after the commencement of the work. The heavy cuttmg 
at the extreme ends not having been completed in season to allow the 
tunnel excavations to be made from the entrances, the whole was 
excavated from the inside. The tunnel was worked at all nine of the 
shafts, but the materials only hauled up the three large ones. Ven* 
tilation was ftimished to the woritmen in the driftway by means of an 
air-tight tube and a fan revolving outside c£ the tunnel. The Cost of 
the driftway, seven feet by eight, was ten guineas per yard lineal. 
As soon as it was completed a temporary railway for wagons was laid 
down. Here we have an instance of nine shafts in a length of eleven 
hundred yards <^ tnnnei ; and also may note the circumstance, that 
none of the work was doi^ from the ends« 



SAFPERTON TUNNEL. 

The tunnel next visited was the Sappertcai Tunnel, upon the Glou- 
cester branch of the Great "Western Railway, between Swind<Mi and 
Gloucester. I had heard of it as one paiticolarly troublesome in 
regard to ventilation, which therefore was a special subject of inquiry, 
Mr. Franks the resident engineer at Gloucester accompanied me, and 
readily furnished any information as to its present condition. 

This tunnel is in section about twenty-eight feet wide, and twenty 
feet high, corresponding in general with the Box and other tunnels 
upon the Great Western line, but a little smaller. The main tunnel 
is one mile in length, after which comes an open cut of about one 
hundred yards followed by another tunnel of one-quarter of a mile in 
length. It passes through the oolite. It is lined throughout with 
masonry, and there are recesses on both sides, forty feet apart, large 
enou^ for two or three men to take refuge there upon the passing of 
a train. It had originally a number of shafts and all have been closed 
except one. That CHie is planked across at its lower end, where it 
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coincides with the top of the arch, with the exception of a small hole 
or scuttle, four or five feet square, which is left open. 

I walked through the whole length of the tunnel. It was in good 
condition, and but slightly wet. 

The grade is very steep, being 1 in 70, or 75.43 feet to the mile. 
Hence, in running up the tunnel, a great deal of power is required, 
and an assistant locomotive — placed in front of a passenger train and 
in the rear of a freight train — ^is kept constantly in use. This of 
course creates a large additional development of steam and smoke, so 
that after the passage of a single heavy freight train up, the smoke 
would fill the tunnel for hours and be quite offensive. Formerly coke 
was required by law to be used upon the English railways, but of late 
years the law has been disregarded, and coal, which produces a much 
greater volume of smoke, is now almost universally used. All agree 
that this change has been very injurious to the air in the tunnels. At 
the Sapperton Tunnel, the assistant engine is usually run down the 
tunnel immediately after the train has passed up, and this assists in 
clearing away the smoke ; but a quick passenger train, running down 
the steep incline at great speed, is found to be far more effectual, and 
is indeed the only effectual ventilator. 

The inspector of the road, who accompanied us, thought the opening 
in the shaft was of some use and said the men wanted it. Mr. Franks 
thought it of no use whatever ; that it was gomething of a nuisance 
from the water which dripped from it. I am inclined to believe that 
the opening is left to gratify the men, but that in its present condition, 
at least, it is useless for ventilation. Mr. Franks, indeed, thought that 
as a general thing it would be better, after a tunnel is constructed, to 
close all the shafts and trust to quick trains for ventilation, because if 
left open, they cause eddies, like openings in the side of a chimney, 
admit water, need repairs, and offer po substantial advantage to coun- 
terbalance these evils. As the tunnel now is, I was told that the men 
work all day in it whenever necessary, although they do not like it ; 
but that if two freight trains should follow each other up without the 
smoke being cleared away, it would be very difficult for them to work, 
and if four trains followed each other, it would be impossible. 
. I confess myself unable to account satisfactorily for the bad ventila- 
tion of this tunnel. Its section is large, its length not excessive-— 
none of those who have the care of it think of re-opening the shafts. 
On the contrary, they are inclined to close completely the last one. The 
difficulty may result partly from the very steep grade, and partly from 
isome peculiar circumstances in its position or exposure. Looking at 
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the two tunnels together, as forming one tunnel, a mile and a quarter 
long, with an opening of one hundred yards one mile from one end 
and a quarter of a mile from the other, we should, a priori, have 
expected excellent ventilation. 

We shall hereafter see an instance of a longer tunnel in Switzerland, 
with no shafts at all, in which there is no such difficulty as is here 
found. 

I stood in the middle of the Sapperton Tunnel when a train passed 
dovm at the I'ate of about twelve miles an hour. It made very little 
smoke and left both ends of the tunnel distinctly visible. 

I stood in one of the recesses, about a couple of hundred feet 
inside, when an express passenger train passed up. It filled the tunnel 
completely with smoke. 

I stood a few yards outside of the tunnel, when a heavy coal train 
passed up and came out of it, with an additional engine pushing in the 
rear. The smoke and vapor were extremely thick, and as seen from 
the outside, the whole entrance of the tunnel was a black mass. Nor 
indeed did the return of the assistant engine down the tunnel seem to 
have any effect during the short time I afterwards remained there. 

The day was bright and clear. When we walked through the 
tunnel before any train had passed, it was free and clear from smoke 
or smell, and one end was distinctly seen from the other. 



WOODHEAD TUNNEL. 

The Woodhead Tunnel, on the Manchester, Sheffield and Lincoln- 
shire Railway, a short distance from Manchester, is one of the most 
remarkable tunnels in England. Mr. Sacre, the engineer of this line, 
sent his assistant, Mr. Lough, together with one of the road inspectors, 
the only person now connected with the road who remembered any 
thing about the original construction of the tunnel, to accompany me 
thi'ough it on foot, or in a hand car, and we spent a large part of a day 
in and about it. 

The whole length of the tunnel is three miles, eight yards, two 
feet. Its section is peculiar. It was originally built for a single track 
only ; fourteen feet and four inches wide at the level of the rails ; 
eighteen feet three inches high from the rails to the under side of the 
arch ; the sides vertical, with no invert, and a small drain next to the 
wall on each side of the track. This is almost exactly the present 
section of the Hoosac Tunnel. After a few years use, it was enlarged— 






WOODHEAD TUNNEL. 17 

if such a term may be use3 — hj the construction of a second tunnel 
of precisely the same dimensions, parallel with it throughout, and 
separated from it by a longitudinal pier, twenty-one feet in thickness. 
It is now therefore in fact a double tunnel, for a double track, the 
space between the two tracks being simply wide enough to admit the 
intervening pier. There are twenty-one arched openings, eleven or 
twelve feet wide, from one tunnel to the other. The first tunnel was 
built with shafts of about ten feet diameter, of which five are still 
open. These shafts were not central over the line of the tunnel, but 
entirely on one side ; . and the second tunnel being on the same side, 
the shafts are now directly over the pier, which separates the tunnels, 
and therefore central to the whole work. They now terminate at the 
roof of the arches, which run across from one tunnel to the other, and 
are thus freely in communication with both. The accompanying 
sketch will show this more clearly. [Plate III.] 

The line first built, or the doum line aa it is now called, was left in 
part without lining, where the natural rock was sufficiently firm. From 
my examination I should think about half a mile may have been thus 
left. The remainder is lined with stone masonry. The second tunnel 
is lined throughout. There is no invert on either line, except for a 
short distance where the ground was soft^ and it was there necessary 
for both of them. 

This tunnel is straight from end to end, and with one grade of 1 in 
200, or 26.40 ft. to the mile, for its whole length. It has often been 
called the summit level tunnel, and this name has given rise to misap- 
prehension, both in America and in England. I had been informed 
that, like the Hoosao Tunnel, it had a summit in its centre, and a 
descending grade from there towards each end, and of course felt great 
anxiety to examine its ventilation. But this is not the case. It is 
situated at the summit of the general rise of ground from Manchester 
towards Sheffield, and it is just after passing out of it that the grade of 
the road begins to descend. It is therefore simply a tunnel at the 
summit level of the whole line, which circumstance has given it its 
name. The first .line was bifilt as usual with shafts. In constructing 
the second, the shafts were not used at all ; but the side walls being 
first cut through and openings made horizontally into the line of the 
new tunnel, all the material excavated was brought by traverses or 
cross tracks to the finished line and run out in cars. 

The rock through which the tunnel passes is shale and millstone 
grit. The parts left without masonry are in miUstone grit and I was 
told that there was less dripping of water there than through the 



18 



BEPOBT ON EUROPEAN TUNNELS. 




WOODHEAD TUNNEL. 19 

mBaaary elsewhere. The deepest shaft is more than six hundred feet 
—the least about three hundred. The hill is very abrupt in its rise. 
The cut at each end is very short, and appears to have been m^ely 
opened suffidentlj to give a £air place for the ioasonrj of the entrance. 

Once a month the parts which are in rock excavation, without 
lining, are car^iUj examined, to see if there are any loose pieces. 

The tunnel was used as a single line for six or seven years after its 
construcdon. It waa w<»ked^ti«.y with a ^engine; that is. only 
one engine was allowed to draw trains through it ; eonsequentlj there 
could be but one train in the tunndi at once, and a collision was 
impossible. The rule of never allowing a second train going in either 
direction to enter a tunnel until the first is entirely out of it, I found 
to be invariably adopted' at every place which I visited. Telegraphic 
signals are generally interchanged between the guards at the two ends 
of long tunnels, denoting that a train has entered, or a train has passed 
out. Mr. Lough and his inspector both expressed a great preference 
for a double tunnel, instead of a single large tunnel for two tracks, 
especially because when repairs are needed, they can close one line 
and work the other with a pilot engine. There may be some con- 
venience in this, but the opinion of English and other foreign engineers 
generally I believe to be quite the reverse. 

The road bed is baUast as it is on the adjoining parts of the line. 
Gravel is preferred, but ballast or broken stone is used where it can 
not readily be obtained. No material difference had been noticed in 
the duration of the sleepers there and elsewhere. The two tracks are 
usually kept in repair by two for^nen and five laborers. The men 
call it a bad place to work in ; some have left it, thinking it made 
them sick. The general result seems to be that they do not hke it, 
but continue to work there, and some of them have been steadily 
employed for six or seven years. 

Twenty^ight regular trains m each direction besides special trains 
pass through the tunnel daily, making about sixty one way in a day. 

The ventilation of the tunnd is said to be much better on some days 
than on others. The day of my visit was a clear bright day, rather 
cold. I was told that the tunnel that morning was in good condition 
as regards ventilation. While I was in it several trains passed in both 
directions ; one while I was standing in a recess next to the track on 
which it came ; one while I was on the other hue ; one while I stood 
in the passage between the twa As the train approaches you feel the 
air driven forward, and also rushing through the openings into the other 
tunnel. The moment the train has passed it pours back again through 
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tbe Openings from the other tunnel to follow the train. At the shafts 
the current was uniformly davm and very strong, both at the time 
trains were in the tunnel and when they were not. A great deal of 
water was dripping from 'them all, amounting in some of them to a 
small stream. This fortunately did not fall upon the track, but in the 
arched chamber or opening between the tunnels where boards and 
masonry were arranged to receive it and carry it to the drains. Thi^ 
water which was quite cold may have contributed by its mechanical 
action, as well as by its temperature, to produce the downward current. 
The adjoining sketch will show the general direetion of the current 
in the tunnel. 
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The Inspector told me that this downward current at the shaft was 
frequent, but not invariable, and that he had often seen smoke issuing 
from the shafts above. All parties here thought the shafts very useful 
for ventilation. 

While I was standing outside of the tunnel at its lower end some 
time after trains had passed, the smoke was pouring profusely out 
from both arches. A freight train approached and went up. Imme- 
diately after its entrance the smoke ceased to come out of the arch by 
which it had entered, and evidently the air was following the train. 
From the other arch the smoke continued to pour out as before.' 

The tunnels of which I have given some account in the preceding 
pages are completed tunnels, all of them constructed many years ago. 
They are the only completed ones which I examined with care and 
may serve as a sample of the English tunnels generally. There are 
many others which I passed through several times, simply to see if 
there was any inconvenience to passengers under any circumstances, 
but without stopping for a close examination. From finished tunnels 
there is but little to learn by inspection, except as regards their 



SOURCES OF INFORMATION. 21 

Bection, length, shafts, ventilation, and the ^quency or difficulty of 
repairs. The difficnlties of conBtruction and peculiar modes of over^ 
coming them, which would be most interesting, have been forgotten, 
and the knowledge of these details seems to have disappeared with the 
persons who built them. Mr. Lane told me that there were no accounts 
in his possession from which such information could now be obtained for 
works upon the Great Western Railway, that all papers of that sort 
were formerly in the hands of Mr. Brunei, who is no longer living. 
The different works upon the London and Birmingham Railway, 
especially the Kilsby and Watford Tunnels, the first of which was 
said to have broken the backs oi several contractors, and nearly broken 
the heart of George Stephenson, were, constructed by that eminent 
engineer, who has also passed away. Mr. Locke who built the Wood- 
head Tunnel, is no longer living and several others since connected 
with that line and from whom I hoped to obtain further details are 
also dead. I endeavored to obtain from Mr. Sacre any papers or 
memoranda or estimates or accounts of cost, and was informed that 
they had unfortunately been destroyed by fire. These things are 
mentioned simply as showing the difficulty of obtaining precise and 
reliable information in regard to the details of these works. 

Very little has been published in England upon the subject. Mr. 
Forrest, the secretary of the Listitution of Civil Engineers in London, 
who kindly assisted me in my inquiries, ransacked the library of the 
Institution for me and took down every thing he thought would prove 
interesting, but the list was lamentably small and the accounts 
meagre. There is a work on " Practical Tunnelling," by F. W. Simms, 
of which a second edition was published in 1860, which was spoken of 
as the most complete English work of the kind. It gives full and 
careful descriptions of two important works, the Blechingly and Salt- 
wood Tunnels, upon the London and Dover line, the construction of 
both of which was under the superintendence of the author as resident 
engineer. It contains not only an account of these works as finished, 
but gives full details of progress and cost, and methods of construction. 
As I have brought home the volume for the use of the Commissioners 
it is unnecessary that I should give them extracts therefrom. I endea- 
vored to find Mr. Simms hoping to hit upon a mine of valuable infor- 
mation, but learnt that he had died within a year or two. In Roscoe's 
London and Birmingham Railway, there is a short description of the 
Kilsby and Watford Tunnels, and as the work was published some 
twenty or more years ago and is perhaps not easily to be found, I ad^ 
an extract from it which may perhaps be of interest to the Commisr 
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sioners. I passed many times through both these tunnels, and they^ 
like most others, have long ceased to attract the attention of travellers 
in England where tunnels are now so common, more than eighty 
Iniles in aggr^ate length being already in use. 



KILSBY TUNNEL. 

^< The Eilsby Tunnel is about 2,423 yards long, and was intended at 
first to be formed eighteen inches thick in the brick-work, but it was 
found necessary to increase this in most cases to twenty-seven inches. 
The whole has been built in either Roman or metalic cement. 

'^The woiks were commenced in June 1835 by the contractors; 
but such serious difficulties were met with at an early stage of the 
proceedings that they gave up the contract in March 1836 and 
nearly the whole work has been performed by the company. Previous 
to the commencement of the works, trial shafls were sunk in several 
parts of the line of the tunnel, in order that the nature of the ground 
through which it would have to pass might be ascertained, and it was 
found to be generally lias shale with a few beds of rock — ^in some 
places dry, in others containing a considerable quantity of water. 

^^In sinking the second working shafl it was found that a bed 
of sand and gravel, containing a great quantity of water lay over part 
of the tunnel; and this was such a perfect quicksand that it was 
impossible to sink through it in the ordinary way. By repeated b(»rings 
in various directions near this part of the tunnel the sand was 
discovered to be very extensive and to be in shape like a flat-bottomed 
basin, cropping out on one side of the hill. The trial shafts had acci- 
dentally been sunk on each side of this basin, so that it had entirely 
escaped notice until the sinking of the working shaft. Mr. Stephens<m 
was led to suppose that the water might be pumped out and that 
under the sand thus drained the tunnel might be formed with com- 
parative facility. This proved to be the case. Engines for pumping 
were erected and shafts sunk a little distance out of the line <^ the 
tunnel. The pumping was continued nearly nine months before the 
sand was sufficiently dry to admit of tunnelling and during a consider- 
able portion of that time the water pumped out was two thousand 
gallons per minute. The quicksand extended over about four hundred 
and fifty yards of the length of the tunnel and its bottom dipped to 
about six feet below the arch. 
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"In May 1836, one of the large ventilating shafts was commenced 
and completed in about twelve months. This shaft is sixty feet in 
diameter and one hundred and thirty-two feet deep. The walls are 
perpendicular, and three feet thick throughout, the bricks being laid in 
Roman cement. The second ventilating shaft is not so deep by thirty 
feet. These immense shafts were all built from the top downwards 
by excavating for small portions of the wall at ia time, from six to 
twelve feet in length and ten feet deep. 

"In November 1836 a large quantity of water burst suddenly into 
the tunnel in a part were there where no pumps ; it rose very rapidly, 
and in order to prevent the ground being loosened by it at the far end, 
where it was excavated, a rather novel mode of building the brick 
work was resorted to. This was by forming a large raft and on this 
the men and their materials were floated into the tunnel and witH 
considerable difficulty and danger performed their task. ^Afl the diffi- 
culties were at last conquered, and the tunnel finished in October 
1838, but of course the expenses were increased to a very great 
extent.** 

^ The contract for making the Kilsby Tunnel was £99,000, and it 
has cost more than £300,000, or upwards of £180 per yard. 

" The quantity of soil taken from the tunnel was 177,452 cubic 
yards. The great ventilating shafts are perfect master-pieces of brick- 
work and are found fully to answer the purpose for which they were 
intended, leaving the tunnel entirely fi^e frt>m any offensive vapor 
inmiediately after the transit of each train." 



WATFORD TUNNEL. 

" This tunnel is one mile and one-tenth in length and is excavated 
entirely from chalk and loose gravel, the treacherous nature of which 
rendered it a work of great difficulty. It was first formed by sinking 
six shafts to a certain depth, and then excavated horizontaUy in what 
is called by miners a * drift.' An idea may be formed of the treach- 
erous nature of this soil, when it is knpwn that a certain part of the 
tunnel was found to consist of such firm and solid material that the 
invert which supports the upper structure of the brick arch and sides 
was not introduced, but that the side walls rest upon the chalk ; yet 
other parts were so mixed with gravel and sand, that when in the 
course of the operation a fissure was made, a stream of it poured in 
like water. 
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" In passing through the tunnel and near the centre, travellers will 
not fail to observe a wide opening or shafl. This was formed through 
an unfortunate accident which occurred here during the formation of 
the tunnel. At this spot one of the six'working shafts was sunk of about 
eight or nine feet diameter, and it had been nearly finished when the 
whole mass of soil surrounding it gave way, completely burying ten 
men who were at work below. They were engaged in fixing one of 
the iron rings which are built into the top of the tunnel, to support the 
brick-work of the shaft, and from all that could be learned from obser- 
vation — ^for not one was spared to tell the tale — ^it appeared that one 
of the men had cut away some of the chalk to obtain more room to 
fix the iron-work, and in so doing had penetrated so near the gravel 
that it broke through in an instant and entirely filled up the space, 
leaving them not a moment's time to save themselves. So instanta- 
neous was the accident, that one poor fellow was found three weeks 
afterwards, standing perfectly upright with his trowel in his hand. It 
was nearly a month before the soil that had given way around the 
shaft could be cleared out, when the opening was found to be so 
extensive that the idea of making a large ventilating shaft at once 
occurred, and it was immediately executed." 



LINDAL TUNNEL. 

This tunnel upon the Fumess Railway is one which presents some 
features of great interest, from the fact that having been originally built 
of small section, it was afterwards enlarged sufiiciently to receive a double 
track, without interrupting, except for a very few days, the traffic of 
the railway which passes through it. A description of this tunnel is 
printed in the minutes of Proceedings of the Institution of Civil Engi- 
neers, Vol. xix. Mr. Stileman, the engineer who executed the 
enlargement, and with whom I had the pleasure of an mterview in 
London, kindly gave me the drawing which is annexed to this Report. 
It is a copy of that prepared by him for the paper above referred to, 
which he presented to the Institution. 

The tunnel was originally intended to be of sufficient size for a 
double track, but financial difficulties led to the reduction of its 
section to 12 feet in width and 14 feet 6 inches in height. Its length 
was 563 yards — of which 176 yards were in solid rock and 387 
yards in loose material lined with masonry. The grade through 
the tunnel is 1 in 100 or 52.80 feet per mile. When the rail- 
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way of which it forms part became united with a more important 
line, it was found indispensable to enlarge it for the wants of a more 
extensive traffic. Two plans were proposed. One to build a second 
tunnel parallel with the first as at Woodhead — the other to enlarge 
the original section to the requisite dimensions. The contractors 
offered and preferred to build the second tunnel rather than to make 
the enlargement at the same price. But such excessive difficulty had 
already been encountered from smoke and want of ventilation notwith- 
standing the shortness of the tunnel, that it was determined to enlarge 
it rather than to build a second. 

The drawing annexed will give an idea of the manner in which the 
work was executed. [Plate IV.] 

During its progress the laborers sometimes found it utterly impos- 
sible to remain at their work, for the section being so small, the engines 
which took heavy trains up the steep grade completely filled the 
tunnel and headings with steam and sulphurous vapor, and made the 
air unfit for respiration. Mr. Stileman told me, that by far the best 
means of clearing the tunnel was to run a light engine with little or 
no steam rapidly through it. 

In enlarging the tunnel it was also shortened from 563 to 460 yards 
in length, of which 123 are in solid limestone rock, and 337 in loose 
material, lined with masonry. 

Li 1849 the contract price for the small tunnel per lineal yard, 

in rock, was . . . . . . ; . . $30 00 

In 1854 the additional cost of enlarging, was . • . 106 00 



Total cost per yard of enlarged tunnel in rock, . . $136 00 

In 1848 the contract price for the small tunnel lined with 

sandstone rubble masonry per lineal yard, was . . $77 50 

In 1854 the additional cost of enlarging was . . . 190 00 



Total cost per running yard of enlarged tunnel in masonry, $^67 50 

If the tunnel had originally^en built for a double track as first 
contracted for, it would have cost, — 

In rock per lineal yard, $105 00 

In masonry, 225 00 
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The time oi^cupied in oompleting the 337 yards lined with masoniy 
was sixteen months, and Mr. Stileman remarks in his paper that the 
whole time that the works were in constniciioik was double the actual 
wolfing time, so that it would appear that for work of this character 
it is necessary to allow the same time for contingencies as for the actuied 
exeeation. 

NETHERTON TUNNEX. 

This is a tunnel for the passage of a branch of the Birmingham 
canal, and not for a railway. It is of quite recent construction 
havihg been completed in 1858 and is described minutely in the xix. 
volume of the proceedings of the Institution of GtU Engioeers, frbm 
whicl) the following details are extracted: 

It is 3,036 yards or about a mile and three-quarters long, 27 
feet wide, and 24 feet 4 inches high in the dear. The thick- 
ness of the brick-work, with which it is lined, is generally 1 foot 10^ 
inches in the waUs and arch, and 1 foot 1^ inch in the invert, this 
thickness being however increased where the shafts join the arch, and 
also in some places where the ground was bad. 

The lengths of the various sections of tunnel^ as built, were as 
follows : 



ft. in. 

Walls and arch, 1 10 J — ^Invert, 

1 lOJ 

1 10^ 

2 3 


ft, 
1 

1 

1 
1 


in. yards. 

IJ— Length, 2,467 

6 109 

lOJ 85 

li 375 


Total length. 


• 


3,036 



In several places where the foundation was ^ blue bind " or marl, 
the invert was forced up in the centre by the swelling of the ground. 
This was not accompanied by any subsidence of the side walls. And 
althoE^h the brick-work was in some parts raised five inches^ it was 
not broken or crippled except at a point immediately south of shaft 
No. 7. Here the invert having been forced up eight inches in the 
centre and some of the bridos eruahed almost to powder, it was cut 
out and rebuilt 1 foot 10 inches thidc for a length of 130 feet. 
This was done in short i^eces of about six feet at a time, the side 
walls being carefully strutted. In reboflding a portion of this invert, 
49 feet long, the vnsed sine was increased to 2 feet 6 jnehes. 

For tiie oonstmction of the tunnel 17 shafts were sunk, those 
positions being selected which offered the greatest fodlities <m the 
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surface for the deposit of the materials excavated. The distance 
between the shafls varied fit)!!! 164 to 200 yards. Of the whole 
number, ten were merely intended for use during the construction of 
the turnip, and seven were to be permanently left open for ventilation. 
The permanent shafts were all lined with brick-work nine inches thick. 
J[>ne which was worked with a horse gin was ten feet in diameter 
and the others wore nine feet in diameter. The brick lining was 
supported, on the arch of the tunnel, by a cast-iron curb weighing nine 
tons, in four pieces strongly bolted together. Skew-backs were cast 
on the back of the curb to receive the rings of the arch. 

The whole of the shafts were sunk by the ordinary method. The 
material having been removed to a depth varying according to the 
nature of the ground, an oak curb 9 inches by 3 inches in section 
was placed on the bottom on which the brick-work was built. The 
excavation of the length below was then proceeded with, the curb 
being temporarily propped, until underpinned by the brick-woric 
brought up from the curb below. 

The total depth of all the shafts was 3,088 feet, of which 2^293 were 
lined with brick-work. The greatest depth of any of the shafts was 
344 feet 6 inches, and the least depth 65 feet 9 inches. 

The average rate of progress per day of twenty-four hours firom 
the commencement to the completion of each shaft, was 2 feet, but 
counting only the days on which the work was actually done it was 
3 feet 4 inches. The ground was principally marl and " bind," but 
coal and basalt were met with in several of the shafts. 

As soon as the sinking of any shaft was completed, the excavation 
of a bottom heading in each direction was immediately commenced 
and was proceeded with until it met that from the next shaft. The 
size of the heading was 5 feet by 3, the bottom of it being level with 
the top of the intended invert. 

The time occupied in the construction of the tunnel itself from the 
^onunencement of the excavation at the foot of the first shaft to the 
laying of the last brick was almost exactly two years. This time 
seems exceedingly short for a tunnel of this length* Yet as the 
17 shafts and two ends ^ve 86 &u»s to work at, if all could be 
used at once, the progress would only be equivalent to about 8J- 
yards per month at one face. This however must have been very 
much less than the progress made at each face per month of actual 
work, because much time must have been spent in completing all the 
shafts, and therefore only a portion of them were probably in use at 
the same time. 
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ALMONDSBURY TUNNEL. 

The field for lines of railway has already been so fully occupied in 
England that there is no very large amount of work of this kind in 
progress at the present time. I was therefore glad to find that a tunne^^ 
of importance called the Almondsbury tunnel, in the neighborhood of 
Bristol, on the Bristol and South Wales Junction line, was nearly but 
not quite completed and was therefore in a favorable condition for 
examination. My attention was directed to it by Mr. Lane of the 
Great Western Railway, who kindly furnished me with letters to Mr. 
Richardson, the chief engineer, and Mr. Rowland Brotherhood, the 
contractor. 

Mr. Richardson being absent at the time of my first visit, my infor- 
mation was mainly derived from Mr. Brotherhood, and from one of his 
sons who has been engaged upon the work, and also from the assistants 
in Mr. Richardson's office. This tunnel is about three-quarters of a 
mile in lengthy and is intended for a single track only. In section it is 
seventeen feet wide at the line of rails, eighteen feet six inches at the 
greatest width, and it is nineteen feet high above the rails. There are 
five shafts, the deepest of which is one hundred and forty-four feet and 
the least sixtynseven feet. The accompanying drawings, [Platbs V. 
and YL] exhibit the transverse section and profile more in detail. The 
section given was slightly deviated from, the tunnel being a few inches 
higher. There is no invert, and the drainage is under ground in the 
centre, the usual English plan. It will be seen by the drawing that 
shafl number five is precisely at the entrance of the tunnel, and that 
the cuts on both sides are very heavy. The whole work was done by 
means of the shafts. The tunnel has been virtually finished for many 
months, and is waiting for the completion of the excavations at the 
entrances. Owing to the delay in that part of the work, and the 
cessation of pumping operations, the tunnel has for a long period been 
full of water, and now that the excavations are approaching completion 
it is draining out . There is still so much water in it that I could not 
pass through it, but could enter for a oertain distance only at the 
end where the principal rock cut is now in progress, and where 
the bottom had been left in parts higher than the rest It is very 
evident that in England the engineers and contractors are not afraid 
of shafts, and depend much more upon them than upon the end faces 
for the prosecution of the work, there being firequent instances of 
tunnels finished entirely from the shafts before the completion of the 
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cuts at the ends. The tunnel is straight from end to end, with a grade 
of 1 in 90 or 58.66 feet per mile. 

It passes for about half its length — ^the upper half — ^thrdugh red 
marl, and the cut at that end is in the same material. The lower half 
is in rock, mainly mill-stone grit, excessively hard. Indeed it was 
spoken of as one of the hardest rock excavations in England. The 
deep cut at that end is of the same material and has proved very 
difficult and expensive. In addition to the mill-stone grit the cut at 
the lower end passes through mountain limestone. This i» not so hard 
nearly as the other rock. The red marl is hard to work and seems 
like rock at first, but after exposure it crumbles away. Some parts of 
the tunnel are not lined. The stone where left to form the arch is 
very rough, which was said to be in consequence of its not being 
homogeneous; so that when left tolerably smooth, the softer parts 
become detached and leave the harder with a ragged surface. Mr. 
Brotherhood told me that the shafts were only intended for working, 
and they would all be fiUed up. The fifth being at the mouth of the 
tunnel, the &ve shafts gave only nine faces for work, and the tunnel is 
sometimes spoken of as having four and not &Ye shafts. « The tunnel was 
completed, or completed so far as was expedient until the end cuts 
could be taken out, in eighteen months. From each shaft, headings or 
drift>ways were run forward, about five feet square. Two miners and 
two strikers worked in each heading, besides men to carry out the 
material. This removal was done in small "skips" or boxes running 
on trucks, upon a railway track about two feet six inches in width. 
Including workmen employed upon enlarging the section, about thirty 
men worked at a face. The shafts were simply timbered at the sides, 
as wood is sufficiently durable for their temporary use for construction. 
Shafts are not, unless by special agreement, considered as permanent 
parts of the tunnel, but as implements of construction, at the charge 
of the contractor. So that when a contract is made for tunnel work at 
so much per running yard, which is the usual mode of contracting, the 
shafts are not paid for separately, but a stipulation is made for a certain 
number in order to ensure completion withih a certain time. 

In this tunnel there are beds of sandstone which are called ball hed$^ 
because they contain very curious balls or nodules of sandstone, distinct 
from the bed in which they lie, nearly spherical in shape, and from a 
few inches up to two and a half feet in diameter. They are not perfect 
in form, but look like a sphere from which about one-third had been 
split off. 

I have brought with me specimens of the mill-stone grit, that its 
hardness may be compared with that of our rock at the Hoosac. 
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The length of the tnnnel is 1,221 yards. If 1^200 yards required 
eighteen months, with nine faces, it would give a progress of about 
seven and a half yards per month at one £acQ, As this includes, 
however, the time requisite for sinking the shafts, the progress must 
have been more rapid. From minutes furnished me in the office I 
obtained the following account : In March 1859, all the shafts had been 
started and one nearly completed. On the dOth July 1859, the shafts 
were all completed, a portion of the tunnel bricked in from each arch, 
and an aggregate length of 204 yards of tunnel completed. On the 
7th January 1860, there were 685 yards, or more than one-half the 
tunnel, completed. This appears to have been a period of steady work, 
and the progress was 481 yards in five and a quarter months, which, 
witli nine feces, would give a progress of very nearly ten yards per 
month at one face. 

The contract price for work was stated to be £28 or $140 per lineal 
yard of tunnel complete, ready to receive the gravel or ballast for road 
bed. The amount of the whole contract taken by Mr. Brotherhood 
was £200,000, which included many miles of road besides the tunneL 

Mr. Brotherhood is not only a contractor of high character and 
standing, able to undertake and carry through works of great magni- 
tude and cost, but also the owner of a very extensive machine shop 
and forge works at Chippenham, for the manufacture of locomotives 
and rolling stock generally, for steam-ship work, and for wrought iron 
girder bridges, many of which he has sent to Canada and to other 
parts of the world. He originally worked under Mr. Brunei, and after 
the completion of the Great Western Railway he took contracts for 
the maintenance of way on that line, which were renewed or con- 
tinued for nineteen years. This of course has made him familiar with 
the use and repair of railways and tunnels, as well as with their con- 
struction, and I availed myself of the opportunity to converse with him 
at some length about the Hoosac Tunnel, of which I showed him the 
profile, and a specimen of the rock through which it passes, and 
explained to him the general characteristics as thus far exhibited by 
the progress of the work at the two ends and the western shaft. 

He thought the rock he had encountered at Almondsbury was a 
harder and more difficult rock than ours. Good sound rock, if not 
extraordinarily hard, is good material to tunnel through, as you can 
dispense with timbering and with masonry, and are free from the 
treacherous character and unforeseen dangers of loose soiL In all 
cases it is better to run forward a heading in advance, and he prefers 
to make it at the bottom of the tunnel whei^ the little wagons may 
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niD, Mewig on, as rupidlf m possiUey ifith ike eolaxgem^it The 
great€i8t cause of dehij is the diftqulty of moiing tbe wagam* If Ae 
heading can be driven Ibrwaid much in advance of the veskt wUle one 
partj of worlpnen a^ oomp^iE^ tbe ftiU cut other parties can. ^hre«k 
up" tbe material oyer the headb^g in Beveral plaeea^ makiBg xQa» 
faoea, upoa whieh lya ad^MlioBal Iboc^ can he eisif^lojed. 
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and the number of '^ break uj^" will be luinted only bj tbe difficiitty 
of removing d^e iqal^iiak tbrougb the 4,rift-waj. As aeon as these 
spaces are somewhat enlarged and cleared the work progresses r^-pidl^r, 
fqr they make standing room ^r men» and room for the deport of 
materiate until Ifhe wj^gons can pass to con tb^u out. 

Hand labi^' fbir driiliAg is^ all 1;^ ba3 ever used or would reoommeodi 
He knows, of no maobineiy for the purpose ever having been used ija 
£Jngland. It ^aturaily ooeurjied to me wken. goiiakg ois^er his fin^ shop, 
filled with tools for a ^eat munety of w.ork^ and roaat^d appareotlj 
with gceat skill, that be was tbe very man to make bis own macbineiy 
and to use it in the ej^ecution of his. own contracts ^t tunnel woii:, if 
he thought there was any ttui^g ta be gained, bf^ it. 

Tb^ gra^e of o^ tunnel, risix^g toward the centre and thereby 
facilitating the ren^oving of nv^iials and draimige of water at the 
two ends* seeqied to him a &vara)4e fea^t^re* l^he g^^ trouble in tbe 
English tunnels, whijQb are on one grade f^^onv end to en^ is that the 
drainage cajol only be run out at one ^e, and from ajl the others, b^ 
tQ be raised through the shafts. Tb^se shafts are oonajdered neceaeaiy 
for working pui^oses, to facilitate constructioi^ aiid most of them a^ e 
generally closed aftei* the tunnel is. completed- Ih bis (pinion they are 
of no value for subsequent ventilatipn unless, in a. case of extreme 
le9gtfa^ and be would have them all closed. The true ventilattc^* is a 
swift train passing thra^^h tbe laimneiy and shafts rather inter£8i?e wiUik 
that^ a^^d with tbe natural current whidli aometip^ea sets, tbxo^glu 

In the case of the 9QQsac however be says unhesitatingly tba^ there 
sliould be. a shaft in the centre ajb the summit^ and from its. position and 
height he anticipates a great upward, drail in it, independenl^ly of ajt^tifi- 
cial means. Of course it would be esipensive, a^d if there m nxaeh 
water would require vei^ heavy posiipiiigji but it§ i^d in oQiis|riiet«pig 
and in ventilating the tipael ia<^ tbe greatest consequence. 
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In our ttiimel ke thought there would be a good deal of difficulty in 
vnppljing atr to the woi^men. Of the eventual ventilation, after 
completion, he had no fears, bat apprehended that the trouble of 
lumishiiig fur to the workmai woc^ delaj- the work considentblj. If 
alter a blast, tixne is lost kk w»ting for the air to be pure enough to 
resume the work, it greatly impedes the rapidity of its progress. The 
greater tlie l^igth and depth, tibe greater pvobably would be the heat 
and oppressive character of the ak-. 

Speaking of the Box Tunnel of which he had the care for a long 
time, he said the vetErtSation wodld be better m his opmicm if ik» shafts 
were dosed. He found it tooublesome to ke^ the road-bed in order, 
it being always wet, and the tunnel very dark. The pine sills last 
better however in the wet road-bed liian they do elsewhere. 

The ear^ work on his contract upon the Bristc^ and South Wales 
Juncti<m Ime is very varial^ Some of it has cost him 9«f. or 18 
cents per yard. Some as much as 2f . 6d or 60 cents. The rook k 
excessively hard and in s<Hne places m the open cut would cost sev^i 
or 8^. or $2 per cubic yard. 

I may here remark that the term ^rock cntttng" appeared to jaae 
less definite, and the line between ''rock" and ''earth" much less 
distinct in England than with us. A vast deal of the work which I 
saw thare was in limestone rock, where there was every grade ef 
hardness^ some of it ahnost crumbling of itself, some of a harder char- 
acter, but not too hard to be cut by the saw, and some, like the mill-stone 
grit, very hard. In our granite oomitry the rock cuttlog with which I 
I have been acquainted is much harder than that of England gen^*aUy. 

Mr. Brotherhood said there were places where single track tunn^ 
could be buHt for £20 or $100 per Isneal yard. From that the price 
would range according to circumstances up to £45 or $225 per lineal 
yard. 

He thought a kmg tunnel like the Hooeae quite uncertatn work^ 
especially because we could not foresee what (Mfficulties we might 
encounter from water. Yet he had no question that it could be buBt| 
no doubt that the central shaft would furnish sufficient vcfttilation 
when completed, and willed it were not too far off for him to look at 
with a view to a contract. 

In speaking of the deep shaft proposed at the Hoosae, he said that 
of course the expense increased with the depth, but that Ihe great and 
uncertain dement in the eost was the water you might awoaater, suoud 
tihat tbaa would render any estimate a very uncertain oae. 
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On a subsequent visit to the Almondsbaiy Tunnel I had the pleasure 
of an interview, much shorter than I wished, with Mr. Charles Rich- 
ardson the Chief Engineer of the Bristol and South Wales Junction 
line, of which it forms part. He is an engineer of didtinction, an old 
pupU of Mr. Brunei and has had extensive experience both in tunnels 
and other important works. 

As I had previously spent a good deal of time upon inquiries in 
relation to his tunnel, I now conversed with him more particularly 
about the Hoosac. He thought our mica slate which I showed him by 
no means a bad rock to tunnel through, and that our work, of which I 
gave him a description, was perfectly feasible, the question being only 
one of time and expense. 

Our section as now adopted for one track he considered as decidedly 
too small. He knew of none so small, and would never advise its 
adoption. The grade of the road, with a sununit in the centre, struck 
him unfavorably, because if you make a central shafl for purposes of 
oonstruction, the water wiU follow you as you proceed both ways, and 
would naturally be deepest precisely where you are at work. Constant 
pumping would be required to keep not only the shafl but both faces 
clear. 

In ordinary tunnels shafts are of but little use for ventilation, and 
he should depend more upon the natural current of air, and that pro- 
duced by the passage of trains. In our case, however, a central shaflt 
for ventilation would be indispensable. 

In excavating shafts in England they usually begin to raise the 
materials by a windlass^ and men. Next comes the horse-gin, and 
finally the steam-engine. In making a shaft where a large quantity 
of materials is to be lifted and spread, the top of the shaft is usually 
brought up to some height above the ground in order to dispose of the 
materials raised, otherwise they must be removed some distance that 
they may not bury the mouth of the shaft. Local circumstances would 
indicate what is best to be done. It might in our case be advantageous 
not to make our shaft in the lowest part of the depression between the 
two summits, but a little way higher up, for disposing of the materials. 

It is quite impossible to judge from the expense of sinking a shaft 
three hundred feet what would be the expense of sinking one eight 
hundred, because of the great uncertainty as to the character. of the 
material, and the quantity of water that may be met with. The same 
difficulty applies to an estimate for our whole tunnel, which is different 
from any one constructed in England. It is impossible to foretell the 
character of the work on so long a line. 
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With regard to the means of furnishing ventilation to the workmen, 
which of course would be necessary during the oonstmcticm of our 
tunnel, his experience led him to prefer to exhaust air from within, 
letting the fresh air from the entrance follow to supplj its place, 
rather than to force air into the tunnel. In the latter case all the 
leaks are from within the pipe bj which you convej it, and are difficult 
to stop. In the oth^ case the leaks are inwards, and can easily be 
stopped by a little clay on the outside. 

No English tunnel has ever had artificial ventilation for so great a 
length as we should require. In mines very great distances are 
supplied with air, but at great expense. 

Very great precautions must be taken on a line of the length of 
ours, worked from the ends, to insure the exact meeting of the two 
portions. On his tunnels, where shafts are used, he drops fine wires 
from the surface near the two sides of the shaft and ranges his line by 
them ; but with very long suspension wires, even if the plummets are 
in water, they oscillate so slowly that it is very difficult to be sure they 
are at rest. It might be better to let them hang in some denser liquid. 
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A very interesting tunnel is now in course of construction at Syden- 
ham, near London, on the London Chatham and Dover Railway, 
forming part of the Metropolitan Extensions. 

It is entirely through London clay, and this material, which is exca- 
vated without much difficulty, requires of course no use of powder, and 
is quite free from water, yet has proved one of the most troublesome 
and expensive that could be encountered, far more so than any rock 
which I have seen in England. The tunnel is 2,100 yards in length. 
There are 7 shafts, all originally 9 feet in internal diameter, and 
varying in depth from 186 to 50 feet — as will be seen by the accom- 
panying drawing, [Plate VII.] Two of them are to be left open 
permanently — the other five are to be closed upon the completion of 
the tunneL 

The peculiar characteristic of this clay is, that though removed 
without much difficulty, freely yielding to the pick and standing 
nearly vertical in the excavation, it subsequently swells and presses 
with such force against the masonry witjb which the tunnel is lined, 
as to deform or crush it and render necessary its removal and recon- 
struction. 
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UpeiB d^seendiBg into die funnel hj shiiit iraitib^ tbree> in a fi^p or 
bucket raised said iowered by stelmi-power, I remarked the womM sise 
of the fibtiift, and was told hj the kniiectQr who acdompaBied mse^ that 
having been originallj 9 feet, in diameter^ it was so pressed in hj tks 
surroilndiDg earth that barelj % feet was avaikibl^ fot* ptesage. A 
portion of the tunnel on eaeh side of the didifl had been Imed witii 
briek and eumpleted^i bul at the tiftie of my yisit was fipakU oai of 
shi^QiB^ s/tA in plaees streng^ased 1^ faeaTj biidL butttresses to sustam 
it tanporaniy. At the faces on both sides a large number of men 
were at woi^ the air was perfectly gbod tad tise tunnel dry. The 
mode of working ^rward, the proppii^ up and timbering the roof and 
sides preparatory to the eonstruetion <£ the brick maEKmry, were pre- 
cisely as described by Simms in his work i^pcm trasielling which I have 
already mfeinred to. T^e skips, m little wagon bodies in whieh mate- 
rials 90^ removed, are placed on tracks^ which nm on double tradds of 
aboQt 2^ feet gauge, and 18 ineh^ apart The headiags aa*e about 4 
feet by 6 in section, and are run f<Mrwafd at the top and not the bottom 
of the excavation. 

Mr. James Baldwii^ the englnei^ feiideift at the works^ gave me the 
fdlowing parti(miiu« : 

Tb^ swefisbg of the eli^, crushing or i^irn^iiig in the masonry, had 
tak^ j^aoe to meh an extent, that €,780 cnboc yards o£ mde wall and 
2,0i5 ^bic yHids of invert had been cut out had rebuilt in its proper 
poskioia. The poh*tio6 of the tuimel kt the feot of ^a^ number three 
where I had seen it, whidi was the worsts ^as lined mglnally with 
8 rings of l^ieks, making a tMckness of 36 ifiehes. It was necessary 
to oat it out and it was iiephused Wilh lOrihgs. This agflan had to be 
cut out and it was replaced Willi 12 rings-^and of this Mr. Baldwin 
says a portion must again be r^laeed» The bricks are of good 
quality; they are made on the spot from day excavated from the 
tunneL Latterly some very hard Stai^rdshire bricks have been 
procured to be used for the 8 rii^ nearest the face of 1^ masonry. 
On one short piece, not more than 40 feet in length, several months 
we^e spent in endeavoring to complete it« Eight or ten feet of the 
lining came down in a mass. Mr. Baldwin told me he had to fill the 
tunnel almost solid with timber to hold ihe lining in its place, and after- 
wards to virtually tunnel through the ^mber ^gain. The ends of 
timbers were crushed bodily into the ^des of those agailist which they 
butted, and scarfed joints were driven against each other till they 
became nearly square. A peculiar tendency to decay in the timber 
was very remarkable. Fourteen indi timbers apparently good were 
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found in three weeks decayed one inch in depth. Mr. Baldwin said 
he could not believe it nor would others at first, but that the fact was 
unquestiooable^ and that the handles of picks left anj length of time 
in* the tunnel were evidence of the same thing. 

The shafts had originallj a lining of brick, 9 inches thick, but it is 
so pressed in, and the diameter so reduced, that it will eventually be 
removed and replaced with one 18 inches thick/ The masonry is built 
as soon as possible after the excavation, so as to relieve the strain 
upon the timbers. The action against it, if it takes place at all, begins 
very soon. If an interval of two months elapses without its being 
noticed, it is no longer feared. The action at the top of the arch is 
slight, the principal effect is on the invert, which first rises in the centre, 
and then the sides follow inwards. 

In reply to questioiis as to the mortar used, and whether he had 
tried cement, Mr. Baldwin told me that cement had been used m some 
places, but that they now gave the preference to lime mortar, because, 
not hardening so quickly, it receives gradually the first pressure and 
the bricks do not break so readily. 

The section of the tunn^ has been modified several times to meet 
the difficulties encountered. It was originally elliptic. The first 
alteration made was to lower the invert which shows such a tendency 
to rise. Subsequently the arch was lowered and flattened at top- 
each time approaching more and more the circular form — and the 
section now adopted is completely circular above the rails, with a very 
deep invert, and in fact very nearly circular throughout. The drawing 
furnished me by Mr. Baldwin [Plate YIL] being the result of 
careful measurements upon the tunnel, shows the original section and 
its modification, and the rising of the invert under the pressure. In 
this connection I may remark that on a subsequent vislHo the Hauen-* 
stein tunnel in Switzerland, Mr. Burry, the Engineer of the Central 
Swiss Railway, told me that a very similar case had come to his 
knowledge on a tunnel in Wirtemberg, also in day. 

At the Sydenham Tunnel some of the shafts are worked by horse 
power, deeper ones by steam. A double rope raises a skip full of earth 
on one side and lowers one full of bricks on the other. A rolling 
platform on rails, is run over the mouth of the pit, from its side, when a 
.•^ip has been raised just above it. The ^p is lowered on to a small 
it/cudk standing upon rails laid on the platform, and is from there run 
<off to the edge of the spoil bank. The platform when rolled over 
the mouth of the pit completely covers it, so as to avoid accidents, and 
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there is a slit in it to receive the rope which runs down the shaft on 
the other side. The platform is worked hj two men who roll it off 
and on, and remove and replace the skips. It is like a low platform 
car on four wheels. 

The great difficulties here encountered render this tunnel very- 
expensive. Some portions of it have cost as much as £120 or $600 
per running yard. In general the London clay is considered a very 
had material The contract price paid for a large number of these 
tunnels on the great Northern Railway was £90 or $450 per running 
yard — and this was considered a fair price for such work. 

Thk tunnel is built under the direction of Mr. Oubitt, the eminent 
engineer. The contractors are Messrs. Peto and Betts, well known 
all over Europe. Mr. Charles Watson, who is connected with their 
establishment and has a special supervision over the woric, told me that 
the average progress at a face was about 22 feet a month, where 
there was no special necessity for driving the work, but that by using 
three gangs of workmen they could make a progress of 60 feet, or 20 
yards a month, if there should be any necessity for haste. He fully 
confirmed the extraordinary fact of the decay of timber in the tunnel, 
mentioned by Mr. Baldwin, stating that he had himself procured and 
sent ihe timber to the tunnel, knew what it was, and reused to credit 
the &ct of its deterioration until he had personally been there to examine 
it. In reply to my question as to the effect to be anticipated hereafter 
upicm the timber used for the track, he said that since the driftways 
had been completed for the whole length of the tunnel, there had been 
a great change in this respect, and that with the ventilation which the 
large section would give them tbey did not apprehend difficulty in 
the future. 



While I was in England I did not visit for the purpose of a personal 
examination any other tunnels besides those already described, as I 
heard of no others in progress which would be of peculiar interest, and 
was told that what I had seen was a fair specimen of the English mode 
of construction. I lost no opportunity, however, to converse with persona 
of skill and experience in relation to their own work, and to the project 
of the Hoosac. Mr. Lane told me that from his experience he pre* 
ferred to make the driftway or heading at the bottom of the tunnel, and 
that the only way to hasten the construction was by numerous shafts. 
He knew of no machinery for tunnelling ever having been used in 
England, but in England there was no tunnel of the length of ours, 

6 
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andaoinrtanoeofsiichdifttadoesexea^vtedwiilioirt th^^ QfeowM 
al the Hoosftc it wonld be aeceMMy to fbniMi iremltiiitiott t(^ tbe ivofk* 
vs/BSi during conatructioa, and he adrised tlMit lbi» thoiM be done hf 
exhausting from within, not hj forcing from without^ and did bM think 
it vrould be a very dhfic«lt natter* The eet&tnd fehalt would eeztalbly 
be Inquired, beth to ssfve time aaod fumii^ ventikiioii, fet wkh a 
goBunk tike o«M wkhia the twmdi It was iwiiapiensable for the hitter 
parpoee, if unneceesary for any other other. These eiiaftfi are exp^i* 
aive, but Ike deptiii of ocars thoagk gi^aat u not extraepc^naij, and he 
mentioned one at the Pembeiion pit in Smderiaad which was 12 feet 
in diMMtor and 1,800 feet deep, whieh it took mrea yeam to stak, and 
was said to have eoet £100,000. In repiy t& my ^aeetion whether he 
wodd not cany inrward an open cut to 60 or 65 feet in depth before 
he began to timnel^-lie thought sot, th«t it woidd be better to begin 
the tmmel earlier, {veferting an. areh to a wide eut or t9 heavy letedning 
walb, both as iafer and as less expensive* 

The present sectioii of o«r tnnnd he tfacmglit decidedly too small-^ 
and that it would be vastly better to make it at once of this requisite 
(Uoiensions, mther than to toave it to be etikffge^hereafti^. 

The best mode of dnankig ie l^ a eovered eulv^t in tke eentte 
between the tracks. He knew of no case in Bngkuid in which loiigi* 
t«&Hd drains had been built b^ikid the oiasei»y. 

With Mr. Sacr^, the engineer of the Manchester, Sheffidd and Lm- 
oolnshire Ba^way upon which is the Woodhead Tunn^ nearly as long 
as the Hoosac, and originally oi nearly the same section, with Mr*^ 
Richardson, engineer (^ the Bristol and South Wales Junction Railway^ 
of whom I have already spoken, with Mr. McClean and his piirtner 
Mr. Stileman who enlarged the Lindal Tunnel some years since, both 
distinguished engineers in very full practice, with Mr. Watson, a gen- 
tleman of large practical experi^ice, connected with Sir Melton Peto 
and Mr. Betts, who were themselv^ absent at tlie time of my visits and 
with Mr. Thomas Brassey, probably the most successful and experienced 
railway contractor in the world, I had interviews in whidi i explfuned 
to them the condition and character of the Hoosac enterprise, showed 
them the profile of the monntam, the section ^us ^r adopted, the grade 
of the road within the tunnel, the positicm of the proposed shaft, and 
elchfbhed to them specimens of the rock. Differing in some respects in 
their peculiar views of the details of construction, they all concur in the 
opinion that the present section of our tunnel is too smaO, and that the 
central shaft; with such a line as ouis is indispensable. 
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With Mr. Brassej I had long SGod 8ada&/etoi7 iniemews. I had 
been previously told that of all men ia England he was the one {>o»- 
BQsamg the most praotical knowledge afid the largest expenence upon 
the matters cooeeming which I had ocHne to make inquir j^ and I cer- 
tainly found no one whose information was more ready, distinct and 
useful. There is hardly a eoontry in Europe in which he has not 
e2»cuted very large and kaportant works, aad his eontvaets amount to 
milli(»as. 

Afler hearing from me a ^eaeral deacdpticw of the Hoosac. Tunnel^ 
its present condition, and the p3t»|eet g«M»ially, and looking at «peci- 
mena of the rock, he spdbe of it as a gre^ work and one presenUi^ 
some pecuMaar elements of uncertainty, because there is ih> work ei sueh 
extent now completed. The only analogous ooe is thai; at Moiit Cenis, 
which is stall but in the eaily fitagea of its pi^dgress, aad not mwih more 
advaneed thaa ours. The tium^ I had alueady «Kamined in England 
were amply Mifficient spectmena of or^nary work, and those of Franca 
whidb, were oom{4eted woiks,^ some ai them of his own oonrtmetion, 
would sk>w nothing more^ The Hanenstein Tunnel in Switzerland, a 
long tunnel built by him in wbieh more than one siile was completed 
fr)om one end^ and in which there are no shfaHs open, was one that it 
might be well to see. 

Numerous shafts he thought quite unnecestaary for ventilatien. They 
make eddies and currents and interfere with each other. The passage 
of a train at quick speed is the best ventilator. 

For our tunnel, with a summit in the centre, he thought a central 
shaft iiadispensable for ventilation if not for construction. It need not 
be very large^ a diameter of 1^ or 12 foet would be enough. There 
are some advaatagea in making it oval instead of ctitsular. Such a 
shaH as outs in ro<^ would require at least two and a half years*-' 
perhaps three years to sink it, and in England might cost £10,000, or 
$50,000. 

In a tunnel in rock a cbtun, or 22 yards per month, is the greatest 
progress that can be made l^ hand labcar, perhaps a 8a£<&t calculation 
would be 18 or 20 yards* The siae of the section would make no 
difference in the speed. There should be a heading as much as 9 
feet square driven forwaaid, thi» siee being suffldent to allow the 
wagons to run in and out and to allow ventilation, and the speed at 
which the heading can be driv^i is the measure of your progress, ' 
because you can follow up witii your Ml section with whatever num- 
ber of workmen yon ehooee, a larg^ section giving room for a larg^ 
number of workmen. 
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At a shaft like ours we ought to hare a steam-engine of from 30 to 
50 horse power, to be in readiness to deal with water. 

The heading or driftway should certainly be at the bottom, so as to 
allow the use of wagons to remove the materials. The plan of break- 
ing up in several places at once is a good plan, where you have to line 
with masonry, but if you are excavating in rock which requires no 
masonry it is unnecessary, because you may follow rapidly with the 
enlargement and keep nearly up to the end of your driftway, which 
is a great advantage as regards ventilation. 

We should certainly h^ve to ventilate for our workmen, but he has 
little doubt that with a central shaft there would be sufficient natural 
ventilation, without artificial aid, after the construction of the tunnel, 
but the shaft is indispensable. 

The present section of the tunnel is decidedly too small. The 
original one is the least that ought to be allowed for such a tunnel, 
and he would be more inclined to enlarge it than to diminish it. 

Our enterprise has all the contingencies and uncertainties of an 
untried project, and it would be unsafe to undertake it by contract. 
The Mont Cenis Tunnel, the only one analogous to ours, is a govern- 
ment affair and of national interest. In England nobody would 
engage commerciaUy in constructing a tunnel which was to require ten 
or twelve years for its completion. The result is too remote for a 
financial scheme, and such things can only be done as matters of 
public policy. 

As the general result of my observations in England, I find that 
tunnels are not considered such formidable works as they have gen- 
erally been esteemed in our Northern States, and that there is scarcely 
a railway line of any length upon which they are not introduced. 
They are used not merely to pass through summits which it is impos- 
sible to pass over, but often where open cuts would have been perfectly 
feasible, and of less depth perhaps than they are in other parts of the 
railway. Local circumstances, the great value of the land required 
for a deep and wide cutting, the opposition of infiuential land owners 
to having their estates disfigured or their lands divided, the necessity 
of avoiding crowded thoroughfares near large cities, have all led to 
their adoption where no natural necessity resulting from the topog- 
raphy of the country would have rendered them the only resort of 
the engineer. This of course has influenced their character and the 
mode of their constructimi. While we ) ave been discussing the best 
methods of making rapid progress from working the end faces, in 
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England the practice has been to multiply working shafts, and some- 
times to omit work fi*om the ends altogether, and complete the whole 
tunnel much in advance of the adjoining cuts. With few shafts or 
deep ones, this would be a difficult and expensive process, but shafts 
are made even as short as 45 or 50 feet, and very deep shafts are 
uncommon. The character of their rock cutting is very different from 
ours. In general the rock is worked much more easily than that upon 
our Northern railroads. The longest railway tunnels do not exceed 
three miles in length, and some of them are so short as to be but long 
bridges. In no one has machinery ever been used for drilling or 
excavating. In no one have artificial means of ventilation been 
required after their construction. In no one does the passenger in the 
train under any circumstances, as ftir as I could learn ftxim information 
of others or by my own experience, sufter any inconvenience. In all 
of them workmen are employed without, difficulty upon the .necessary 
repairs, in some of them finding the work unpleasant, sometimes comr 
plaining that it is unwholesome, but performing it as other unpleasant 
or unwholesome work is performed. I did not find that the road-bed 
is in general more troublesome to keep in order than elsewhere. 
Gravel is preferred, and the timbers laid in it are said to be rather 
less subject to decay than in other parts of the track. The drainage 
is ahnost invariably by a covered drain in the centre. Inverts are 
used or dispensed with according to the character of the grotmd. 
Brick masonry appears to be more commonly adopted than any other, 
and sometimes for the arches where the side walls are of stone, almost 
invariably for repairs, or for new work after the railway is opened 
for use. 

The English tunnels are straight and oa a unifqrm grade, sometimes 
a very steep one. Some objection was made by English engineers to 
our grade at the Hoosac with a sununit in the centre, which, if we sink 
a central shaft and work both ways, will cause the water to follow us 
and not to leave us. Their own practice, however, suggested a remedy. 
It is to begin the driftway where it leaves the central shaft, at the 
very bottom of the tunnel, and to carry it forward either level or 
slightly rising till it reaches the top of the section. It is evident that' 
we could thus go forward for a half a mile without getting out of the 
limits of the section, as the grade falls but 13 feet in half a mile, and 
this is also greatly facilitated by our short level plane at the smnmit. 
Even if nothing more than this driftway were made, it wouldfbe of 
very great advantage to the work from the end fiice, which would 
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mA the driftway after Italf a mite less progMss tiMtt fif it bad to be 
flnried all the waj ta> Ibe thafi^ aad great aAustance to the TentilaliQii 
lor tibe warianefi would be obtai&ed tlM moment it was reached. 

<^iaiQDj3 are dividBd at to the um of Bhalls lor venlilation after the 
taBnel ia completed. The more genenl opiiiieii seemed to be that, 
mieBa in very Img trnmeliy tikey were of no qbo and bad better be 
doped, as they w^e raliier an iaterlereiiee with the natixcs^ current 
whkb differences of temperature or prevailing wmds woald generally 
ooeasioa, and with the great vent&tkig agency of quick tnuns. The 
tanaei was campared to a dunaneyy incHned to be sure, but in which 
the drai^^ woidd be best with no openkiga n the sides. In a ease 
like curs^ however, a eeatial ehafi was ooasidered indispeneable. 

2& akaost every toBQel a gveat many Ab^ have been dosed — ^bat I 
hoard of none whore a diaft htA eret heax afterwaids opened for 
veniiktaony milasait mi^ bo the small oipewii^ in one <£ ^e i^after 
above referred to ia the Si^p^rton Tum^- wydbi was very mefteieiit 
<M^ to say the least^^cf very doiMoi adMMHagew 

The English eDgineexa ae^n to have greaA; paefeveaco Ibr Ihung 4beir 
tan^ela with masonry, even ia vocb<»ilti»g. They cea»i^ it far 
nnffr dreadiag the effect of fitwtor other agetfdes on the Isiee of the 
mok. This doubtieaa nsaulta m a moasare fipsea the eharaeter of ih» 
rock th^ deal. with. In genecal I did not &ai that the tunnels left^ 
without maaoBory in noek^culdng wera any more wet than they were 
daewhexey and I was much aorpriaed to- ind hew much water passed 
i^wiouf^ the moaenry^ in many places eovenng the aafches wi<^ smaH 
stalaetates. 

The enlargement of tunnels in England has been made in two ways ; 
by an actual enlargement of the original section as at the Lindal, and 
by the eonsiteuetion of a second toamel paiaBei wilii and a^oimng the 
first as at the Woo&ead. Botb plana have their advocates, bat alt 
ooBfiur in objecting to tonneb which neqaire enlai^ement, and wsheM- 
tatingly adwe a aniietent seotion a,t the oiitaet* 

Soane English tumxela have been eonstraeted in what seemed a t^tmrt 
tkae,.biEt the w%ak was run from a great many faces resuhing fionr 
the use of shafts. Twenty yards forward per month at one &oe ia^ 
otmaidBred very rapid psogeeas. I do not think the average progress 
has been nearly so rnneh. I doubt if it has bees half as mudi, if we 
estaauie it by the time whicb elapses fpom the commencement to the 
comj^etioa of the ocmstoacliott. 

Aa it^aida tfo«<^aiieb work is too vaeioustand anoeataaa in its diflip* 
actor to be redneed to an aaerage. I have had {H^ces ^voa mo 
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Tarjing from £25 to £50, that is from $125 to $250 per running yard 
for ordinary tunnels, but peculiar difficulties have in some instances 
raised the cost to £100 — ^£130 — ^and even £150, or $500, $650 and even 
$750 per running yard. Of course such estimates and prices are of 
little vahie to us, for the experience already obtained by work thus far 
done at t^ Hoosftc Tunnel is for eur purpose an infinitely safer guide. 

HAUENSTEIN TUNNEL. 

The Hauenstein Tunnel in Switzerland, on the Central Swiss Rail- 
way between Bale and Olten, is a tunnel in t^ construction and use 
of which there are some peculiarities rendering it a work of unusual 
interest in connection with the special object of my inquiries. It is a 
long tttsael, being 2^496 metres* in leng^, equivalent te 2,729 yaiid^, 
or more than a mile and a half; its eoostmctioa was carried forward 
to -die distance oi 1,803^ metres, or & miEie and one-eighth, from one 
fniipcmce, and it has mo aandiiating s&afh. 

Ify attent^ was first direeted to it by Mr. Brassey who built it, 
and who gave me a general account of it, and referred me for forther 
particulars to Mr. William Watson, his foreman upon the work during 
the whole period of its construction, a highly intelligent practical man 
upon whose statements and recoMection Mr. Brassey told me I could 
implidUy rely. I was fortunate enough to procure ample drawings 
Sbae^t3p9,%mg its d^aaracter and mode of eoiurtruction, and afterwards 
made a personal visit to the tunnel and had an interview at Bale with 
Mr. Burry, now the chief engineer of the line. 

The tufiiiel passea through limestone, sandstone and shale, the 
varioua beds of which, sometimes regular and sometimes greatly 
contorted, are exhibited upon the longitudinal section [Plate VIII.] 
which accompanies this report. The tunnel has a double track, and is 
in section 26 feet wide and 20 feet high above the rails. In a small 
part of its length it has no masonry, the reck being sufiiciently l^ard to 
• diep^ise with it. In some places it has an invert, in others the invert 
is omitted. The drainage is in the centre by a covered channel. 
[Plate IX] 

* As the French metre is used not only in France but on the continent generally as 
th« unit of measure upon public works. I append the following table : 

1 metre = 3.28090 English feet. 

1 metre » 1.09363 English yards. 

1 square metare = 10.76431 English square ftet. 

1 cubic metre ^ 35.31661 English cubic feet. 

1600.32 metres s 1 English mile. 
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The line is straight, and the grade uniform, from one end to the 
other, rising, from the south towards the north, at the rate of 1 in 38, 
or 139 feet per mile. .At the south, or lower end, the tunnel is ap- 
proached with a rising grade of 1 in 40, or 132 feet per mile, on which 
there are two curves of 300 metres, or about nine hundred and eighty- 
four feet radius. At the north end there is a level plane, 1300 feet 
in length, adjoining the tunnel, after which the road descends again, 
at the rate of 1 in 40. These excessive grades and curves give an 
idea of the topography of the country, which is one of singular beauty 
to the amateur of the picturesque, but of singular difficulty to the 
engineer. 

Three shafts were originally projected — 

No. 1, situated 1127 yards from the south end, and 558 feet deep. 

No. 2, *' 1668 " " " " 656 feet deep. 

No. 3, *' 2232 yards from the- south end, and consequently 
497 yards from the north end^ and 417 feet deep. 

The position of these shafts was determined by three depressions in 
the surface. If placed elsewhere, they must have been of greater 
depth. 

No. 3, the shortest of these, was completed February 1, 1855, but 
it appears to have been used but little. Fifteen months afterwards, 
on the 6th of May, 1856, there had been an advance from the shaft 
of only about twenty-five yards towards the north, and thirty-six yards 
towards the south. At this date the work from the north, or nearest 
end face, which had then made an advance of 432 metres or 472 yards, 
reached that from the shaft, and the junction beitig effected, the work 
was thereafter €arried forward from the end alone, leaving only 61 
yards of the whole line constructed exclusively by means of this shaft. 

No. 1, the next shaft in depth, was completed April 1, 1855, and 
work was rapidly driven^ from it in both directions. 

No. 2, the deepest of the sbafts, was commenced in the spring of 
1854, at the same time as the others. Very great difficulties were 
encountered froiii the abundance of -water, and the progress was ex- 
tremely slow. In some months, the advance was less than two me- 
tres. On the first of August, 1855, it had reached the depth of only 
269 feet, leaving 387 feet more to be accomplished. At this date, 
the work from shaft No. 1 was rapidly advancing in both directions, 
and the opening from the north end was making good progress. It 
was therefore decided to abandon any further attempt to sink shaft 
No. 2, as it was not likely to be finished in season to expedite the 
construction of the tunnel. 
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Shaft No. I h^d been sunk through a variety of strata, of differing 
firmness and character. A portion of it was lined with masonry, a 
portion left in rock, and a portion lined with timber. For the con- 
venience of the work pT(^essing from the foot of this shaft, a small 
forge was placed under it, where the workmen's tools were sharpened 
and repaired, the warm air and smoke ascending by the shaft, 'and 
servings it was supposed, to assist the ventilation. The wood-work 
lining the shaft took fire, and burnt smouldering, without attracting 
attention, until it became so weakened as to give way to the surround- 
ing pressure; it was broken through, and an enormous mass fell in, 
filling up the shaft, for the depth of 30 feet, and completely blocking 
up the whole tunnel. It was impossible to remove it. No means, 
speedy enough, could be found to rescue fifty car sixty unfortunate 
workmen, thus confined,' and they all perished in their living tomb. 
The soil had been so loosened, and the injury to the shaft extended so 
far, that it was considered impossible to reopen it, and it was there- 
fore abandoned. 

The accident happened in December, 1855. At that time, an ad- 
vance had been made from this shaft, of 284 yards towards the south, 
and 238 yards towards the north. The advance from the south end 
face was just up with it, and a junction was effected. The part of 
the tunnel obstructed by the fallen mass was reopened from that end, 
and the work thenceforward was dmven from the south entrance until 
the 31st of October, 1857, when at the distance of- 1802 metres, or 
1970 yards, it Met the advance from the north entrance, which had 
then been completed for a distance of 694 metres, or 759 yards. 
" These shafts were all 12 feet in. diameter. When the works were 
completed, shaft No. 3, the only one then remaining, wa^ closed, and 
the tunnel has now been in use for about four years, with no venti- 
lation except from the ends. 

The masonry of the tunnel is of limestone, brought for the purpose, 
that excavated not being suitable. No bricks were used. 

During the construction, it was necessary to supply air to the 
workmen. This was done by a small four-horse power steam engine 
driving a fan, which forced in the air by a wooden trunk 15 inches 
square. There was a second supplementary fan, about eleven hun- 
dred yards from the south entrance, driven by a water-wheel, which 
• was set in motion by the drainage water running down the tunnel, 
the excessive abundance of the water and the steepness of the grade 
allowing the use of this unusual contrivance. Of course this could not 
have been done if the work had been performed from shafts, and it 
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vrss an advantage^ which tended to compensate for the necessity of 
w(»rking for a long distance from one end. Mr. Watson said that the 
mechaoical engineer employed upon the works, told him he was con- 
fident he could ventilate for a distance of two miles with a ten-horse 
power engine, but that he should want an iron pipe to convey the air. 

The large drawing, presented heremth, shows the mode in which 
the work was carried forward. The heading was about ten feet 
square, and run forward at the bottom. In working from the north 
end^ that is, in working down itte giade, of course the water was 
ctxceedingly troublesome, as it foOowed instead of leaving the work, 
and the method o^ raising the headings within the limits of the sec- 
tion, as it advances, instead of keeping it parallel with the true grade, 
seems to have been adopted. Frequent wells were also made at the 
bottom for the water to acciunulate thei^. In hard rock cutting, 
Mr. WatscMX said he should prefer to make the heading at the top 
rather than at the bottom. 

To expedite the work, which Idiey had to drive as rapidly as possi- 
ble, on account o£ the fadlure of the shafts, the heading was kept 
running forward night and day, with /<mr shifts of men, and was 
usually from 1 50 to 200 yards in advance. From the heading, the 
material was brokeai up overhead, in a great many places, in the 
manner already described as sometimes practised in England. That 
is, the roof and sides of the heading were cut away and enlarged, and 
sections of masonry inserted ; so that, with only two or four real faces 
for the advance of the heading, there were many more for the enlarge- 
ment and the masonry. At one time, as many as 300 men and 12 
horses were working from the soutin end alone, and at the various 
*"' break upsf * 

Mr. Watson diought,. tiiiat in our Hoosac rock it would be possible 
to advance about twenty yards a month, and that if we had a shaft, 
we could make about the same progress at the faces run from the 
shaft as at those from the end, if we made proper arrangements to 
remove the materials excavated. In sinking the great central shaft at 
the Hoosac, he thought it would be impossible to exceed ten yards 
a month, and this could certainly not be done if there was any trouble 
from water. 

The whole time consumed in the construction of the tunnel, was 
from four to five years. 

The progress made in sinking the shafts was as follows : There is 
no record prior to June 1, 1854» at which time they had all been 
started. 
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McftrcB* 


Shaft No. 1 . 


Depth, June 1, 1854, 34.50 




Progress, in June, . . 




• 


5.40 




July, . . 




• 


. 9.30 




August, . • , 




• 


. 17.20 




September, 




» 


. 19.50 




October, , , 




B ^ 


. 23.40 




November, 




» 


. 17.70 




December, . , 




n 


16.50 




January, 1855, 


« 


■% 


18.00 



161.50 

The remainder of the depth seems to have been excavated in con- 
nection with the main tunnel itself. 

The progress in eight months was 127 metres, being an average of 
15 J metres, or 52 feet p^ month. 





Hetrefi. 


Shaft No. 2. Depth, June 1, 1854, . , 


. , 17.40 


Progress, in June, . . , 


. • 13.50 


July, • . , 


. • 3.60 


August, , , 


. , 11.00 


September, , , 


, . 11.55 


October, . , . 


. , 2.65 


November, 


. . 1.20 



60.90 

It now seems to have been left, for there was an additional progress 
of only 3.60 metres, up to June 1, 1855. After that, in June, 1855, 
8.70 ; July, 9.00 ; making in all 82,20 metres, when it was aban- 
doned. 





Metres. 


Shaft No. 3. Depth, June 1, 1854, . . 


. . 43.20 


Progress, in June, , . . 


. . 11.70- 


July, . . . 


. . 11.10 


August, . . 


. , 20.70 


September, 


. . 12.00 


October, . . 


. , 12.B0 


November, , , 


; ,• 6.30 




117.B0 



At this depth the work was connected 'frith that of the tunnel. 
The progress in six months was 74.40 metres, being an average of 
12.40 metres, or nearly 41 feet per month. 

For the progress in the tunnel itself, that at the foot of shaft No. 3 
does not seem to be a fair criterion, as it evidently was interrupted 
and suspended at times. The progress from shaft No. 1 , up to the 
time of the accident, was as follows : — * 
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Southward. 
Metres. 

Previous to May, 12.00 

1855, May, 20.70 

June, 37.80 








KOBTHWABD 
Metres. 

. . 13.50 
. . 21.90 
. . 19.80 


July, 36.90 
August, 42.90 
September, 40.80 
October, 51.00 








. . 35.10 
. . 38.70 
. . 32.40 
. . 33.30 


November, 17.70 








. . 23.10 



259.80 



217.80 Total, 477.60 



This is a progress of 451.10 metres in 7 months at two faces, or 
32.22 metres, equivalent to nearly 106 feet at one face. 

The progress from the south entrance, which, on the 1st of June, 1854, 
had been opened to the distance of 165 metres, was as follows : — 

Metres. 



SorTH End 
June 1, 1854, . . 


Bfetres. 
. . 165.00 


Continued 
Progress, in Dec, 1855, 


1242.80 
26.80 


Progress, 


in June, 
July, . 


. . 24.00 
. . 30.90 


1856 


» 


Jan., . . 
Feb., . , 


. 42.00 
. 36.60 


■ 


Aug., , 
Sept., . 
Oct., , 


. . 38.10 

. 24.30 

. . 26.40 






March, . . 
April, . , 
May, . 


. 21.00 
. 18.90 
. 14.40 


4.C 


Nov., 


. 28.80 






June, . . 


. 13.80 


kt 


Dec, 


. 33.90 






July, 


. 16.20 


1855, " 


Jan., 


. 38.40 






Aug., . 


. 14.40 


(C 


Feb., . 


. 47.10 


* 




Sept., . , 


. 14.10 


t( 


March, . 


. 45.90 






Oct., . . 


. 14.80 


«( 
(( 


April, . 
May, 


. 46.50 
. 40.20 






Nov., . . 
Dec, . , 


. 30.10 
. 31.00 


(( 


June, 


. . 45.60 


1857 


> 


Jan., . . 


37.80 




July, . 
Aug^ . 
Sept., . 
Oct., . 

Nov., 


. 7.80 
. . 24.90 

. 50,00 
. . 17.30 

. 30.10 






Feb., . . 
March, . , 
April, . . 
May and 
June, 


40.50 
. 56.00 
. 19.90 

[ 21.40 

4 #\ i\/\ 


Jnnction with face r 
southward from shaft No. 
passing^ over space alrea< 
completed from shaft No. 1 


765.20 
an 

1, 

ay 

.,of 477.60 






July, . . 
Aug.,^ . . 
Sept., . . 
Oct., . , 


19.00 

20.50 

20.50 

. 29.50 



1242.80 



1802.00 
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The progress from the north entrance, where an advance of 52.80 
metres had been made, up to June 1, 1854, was as follows : — 





North £k: 


D. Metres. 








Metres. 


June 1, 1854, . . 


. 52.80 


Continued 


. 


488.30 


Progress, 


in June, 


\ 26,10 


Progress, in May, 


1 






July, 


• 


June, 


y 


21.70 




Aug., . 


. 32.10 


(( 


and July, 


i 






Sept., . 


. 24.90 


(( 


Aug., 


'I 






Oct., . 


. 21.30 


(( 


Sept., 








Nov., . 


. 4.80 


(( 


Oct., 


► 


10.80 




Dec, 


. 9.30 


(( 


Nov., 


^ 




1855, " 


Jan., 


. , 4.50 


(( 


Dec, 






Feb., , 


. 6.90 


1857," 


Jan., 


• 


19.00 




• 

March, . 


. 5.10 


66 


Feb., . 


. 


20.50 




April, . 


. 16.80 


66 


March, . 


• 


6.00 




May, 


. 33.70 


(( 


April, . 


. 


8.40 




June, 
July, . 


. 9.50 
. 21.00 




May and 
June, 


) 


11.30 


. 


Aug., . 


. 15.00 


(( 


July 


. 


24.00 




Sept., . 


. 44.70 


(( 


Aug., . 


• 


26.00 




Oct., . 


. 27.30 


«( 


Sept., . 


. 


23.50 




Nov., . 
Dec, . 
Jetn., Feb. 
March, 


. 18.00 

4 rk iA rv 


(( 


Oct., 


. 


34.50 


1856, " 


. 18.90 
1 16.80^ 








694.00 


C( 


April, . 


. 22.10 , 












431.60 




Junction 


with face run 


I 










northward from shaft No. 3 


» 




-. 






passing; over space alrendj 


r 










completed from shaft 3, of 


56.70 








1 



488.30 

From the south entrance, the progress in 18 months, from June, 
1854, to November, 1855, inclusive, was 600 metres, equivalent tc 
SS^ metres, or 109.33 feet per month, at one face. 

During the next 23 months, from December, 1855, to October, 1857, 
inclusive, after passing shaft No. 1, the ][M:ogress was 559 metries, 
equivalent to 24.30 metres, or 79.70 feet per month, at one face. 

From the north entrance, the progress in 19 months, from June, 
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The road bed is excellent gravel, and the rails are laid on \rooden 
cross ties. The tunnel is very wet, much more so than any other I 
have ever seen, and the water drips copiously through the joints c^ 
the masonry. 

At Bale, I^called on Mr. Burry, the chief engineer. He says that 
occasionally the smoke remains a long time and is troublesome to the 
workmen, and that *he has sometimes questioned whether a shaft 
would not be an advantage. At times there is a strong current 
through, so strong that it would be an inconvenience to the trains, if 
not. checked by the curtains. The greatest trouble, however, has 
arisen from the water which drops upon the track, and forms ice upcHi 
the rails in winter. This gave at first a great deal of annoyance, but 
the evil is much diminished by the use of the curtains, which keep 
out the cold. In other respects the track in the tunnel is kept in 
order as easily as any where else. Repairs of any magnitude are 
made mostly in the night, when the trains are not running. 

The result of my visit tendfed to confirm the opinion expressed to 
me in England, that in a tunnel on a uniform grade, of not excessive 
length, ventilating shafts are not necessary, and that a direct current 
will pass through the tunnel mor^ readily without them than with 
them. 

The tunnel was built by Mr. Brassey, by contract, at the price of 
1760 francs per running metre. The difficulties encountered from 
water, and the extra expense of driving forward the work with 
unusual speed from the end fieices, to compensate for the absence of 
shafts, made its actual cost amount to 2100 or 2200 francs per metre, 
or about $400 per running yard. 
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TUNNELS IN FRANCE. 



Upon the railways now in operation in France, there are many 
tunnels of an interesting character, some of them of great length. 
Among those most worthy of notice, are the St. Martin, Nerthe, 
Blaisy, ArschwiUer, Rilly, Alouette, and Lamotte. 

TUNXEL OF ST. MARTIN D'ESTREAUX. 

This work, which is upon the Bourbonnais railway, is described in 
great detail in Vol. XXVI., Serie 3, of the Annales des Fonts et 
Chaussees, It is the only French tuimel of which I could find any 
published description. I have brought the volume for the use of the 
Commissioners, and would refer them to it for the details, which are 
there given at great length. It is 1380 metres, or 1509 yards long, 
and is constructed through hard porphyritic rocks. In section, its 
extreme width is 25 feet 3 inches, and its height above the rails 19 
feet 4 inches. It was built from ten shafts, of which four only were 
left open after its construction. Their depth ranged from 70 feet to 
176 feet. They were rectangular in section, 14 feet 9 inches by 6 
feet 7 inches in the clear, and were divided into three separate com- 
partments, one for the ascent and one for the descent of materials, 
and the third for pumps and ventilation. The weekly progress made 
in sinking these shafts was from 2.79 feet to 5.02 feet. The cost of 
the tunnel was 2600 francs per running metre, a cost which the en- 
gineers thought higher than it ought to have been. This is equivalent 
to $475 per running yard. The average progress, in running forward 
the headings, was 4.40 feet per week at one face, — and there being 
18 faces, this is equivalent to 79.20 feet advance per week at the 
whole. At t^is rate, the heading or driftway, for the whole length, 
would have been completed in about thirteen months. Yet the time 
occupied in the construction of the whole work was five years from 
the date of starting the shafts. There was an interruption of about 
six months, during this period, leaving /oi*r and a half years of actual 
work. • 
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TUNNEL OF THE NERTHE. 

The tunnel of the Nerthe, on the railway between Marseilles and 
Avignon, is 4,639 metres, or very nearly three miles in length. In 
section it is 26 feet 3 inches wide at the widest, and 24 feet 7 inches 
high above the rails. It has 24 shafts, which are not over the centre 
of the tunnel, but about 30 feet on one side. They communicate 
with it by lateral galleries, 10 feet in width, and as high as the tun- 
nel itself. These shafts are circular, about 10 feet in diameter, and 
have all been left open. The two. ends of the tunnel are nearly at the 
same level. From the Avignon entrance, the grade rises towards the 
centre at the rate of 1 in 500, and from there descends towards the 
Marseilles entrance at the^ rate of 1 in 1 ,000. The highest point, in 
the centre, is about fourteen feet i above one entrance, and eight feet 
above the other. It passes through marl, dolomite, lias, and various 
limestone formations. For 950 yards of its length it is in rock cut- 
ting, where arching is unnecessary. The remainder is lined with 
masonry. The whole tunnel was completed in three years, and its 
cost was 2,254 francs per running metre, or $412 per running yard. 
The shafts vary in depth from 65 to 623 feet. The following table 
will show the cost of sinking them, and is interesting, as exhibiting 
the increased cost per foot as they go deeper. It does not include the 
cost of the wooden curbs or of the masonry. [Plate X.] 

COST OF SINKING SHAFTS. 





Coat per Foot. 








FromO 


From 187 


From 828 


From 458 


Shaft. 


Depth. ^ 


Avoraire 
cost per foot. 


to 197 fcefc 


to S28 fiiet 


to 4«) fbct 


to 610 feet 




• 


in depth. 


in depth. 


in depth. 


in depth. 




Feet. 


$ 


$ 


# 


$ 


# 


1 to 5 


67 


8.88 


8.88 








6 


200 


10.97 


10.97 








7 


178 


12.80 


12.80 








8 


252 


13.72 


13.47 


14.70 






9 


345 


16.46 


15.06 


18.41 






10 


292 


15.85 


15.24 


17.31 






11 


387 


16.77 


15.24 


18.29 


19.81 




12 


482 


16.77 


15.55 


18.60 


21.34 




13 


552 


16.77 


13.05 


16.10 


19.76 


22.70 


14 


623 


16.77 


11.58 


11.63 


18.29 


24.06 


15 


519 


18.29 


13.60 


16.64 


25.91 * 




16 


472 


15.85 


1ZX)5 


16.10 


19.81 




^ 17 


469 


15.85 


13.29 


16.34 


19.69 




18 


375 


15.24 


13.78 


16.83 


18.29 




19 


395 


12.19 


10.42 


13.47 






20 


489 
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TUNNEL OF BLAISY. 

This fine work is on the line of railway from Paris to Lyons. It 
is 4,100 metres, or 4,483 yards, about two and one half miles in 
length. Lx section^ it has an extreme width of .2^ feet 3 inches, 
and a height above the rails of 24 feet 7 inches. It had 20 
shafts, of which 10 are now closed; every alternate one being left 
open. These shafts were only about 650 feet apart, and nine of them 
were from' 515 fo 643 feet in depth. They are not' over the centre 
of the tunnel, but abjQut 32 feet on one side, and, connected with it 
by lateral galleries. The tunnel passes, for a large portion of its 
length, through marl, then through lias, dolomite, and g}'psuni. 
There are recesses in the side walls for the workmen, not at equal 
distances, but averaging one in every 55 yards. The drainage is by 
a covered channel in the centre,* and in some parts there are also 
drains behind the walls, leading to the central drain. The cost of 
the tunnel I was unable to ascertain. The annexed figures will show 
its section, and the manner in which the shafts are connected with 
the tunnel. [Plates XI., XII.] 

TUNNEL OF ARSCHWILLER. 

The tunnel of Arschwiller, on the railway between Paris and Stras- 
bourg, is 2,678 metres, or 2,928 yards, more than a mile and a half 
in length, with an extreme width of 24 feet 3 inches, and a height of 
1 8 feet above the rails. This ttmnel, and that for the canal from the 
Marne to the Rhine, are built close together, and in fact form but 
one. Where they enter the mountain, they are at the same level, 
and a double arched entrance — the intervening pier being only 22 
feet in thickness, and the arches precisely similar — receives them 
both. The canal was built first, and it is level and straight for its 
whole length, which is 2,521 yards. It diverges from the line of the 
railway tunnel at the rate of 26 in 1,000 feet, so that, at its other 
extremity, it is about sixty-six yards further from it than at their 
common entrance. From there the open canal turns again towards the 
line of the railway, and presently crosses it. The railway tunnel has 
a descending grade from the common entrance at the rate of 1 in 200, 
so that in its whole length of 2,928 yards it falls about 44 feet hetow 
the level of the canal. This allows it to pass under the canal, where 
the lines cross each other, a short distance before it emerges from the 
mountain at its western entrance. There are 13 galleries or passages 
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numing from one tunnel to the other ; the fiiat one being level, and 
the others descending by steps from the canal to the railway, as the 
latter gradually falls. When the railway tunnel was commenced, the 
canal tunnel was in progress. Six shafts had been completed, and a 
heading run through its whole length. Use was therefore made of the 
canal works, already so far advanced, to facilitate the construction of 
the tunnel for the railway. The part of it which passes under the 
canal was built in an open cut, and arched and covered before the 
completion of the canal. 

The length of time consumed in the construction of the Arschwil- 
ler Tunnel was very greiMj, being no less than 7 years and 9 months 
from the commencement to the dose of the^wiork. The cost was 
moderate ; amounting to 905 francs per rum^i^g metre, or 8176 per 
yard in lengtJi. 

TUNNEL OF HILLY. 

The tunn^ of Rilly is on the Bheims branch of the line from 
Paris to Strasbourg, It is 3,450 metres, or 3,772 yards, a little more 
than 2 miles in length. Its extreme width is 24 feet 3 inches, and 
its height 19 feet 2 inches above the rails. Eleven shafts were com- 
menced for its construction. Two of them were given up un&ished, 
on apcount of the difficulties encountered, principally from the abim- 
dance of water. Four were closed after the completion of the work, 
and the other five remain open. In some of the shafts the water 
was 80 troublesome that it became necessary to use for curbs cast 
iron cylinders, 5 feet in diameter and about 3 feet long^ bolted 
together. A small heading was first nm in the centre, through the 
whole length of the tunnel, and the water in some of the shafts was 
got rid of by boring down to this heading, through which it then 
escaped. The shafts were rectangular, 6 feet 6 inches by 13 feet in 
section, and divided into two compartments. The tunnel passes 
through the chalk formation. The arches were generalljr built first, 
the excavation being commenced at top, and the side walls were 
inserted afterwards, as shown in the annexed figure [Plate XIII.] 

The time consumed in the construction of the tunnel was 3 years 
and 4 months, and the cost was only 721 francs per metre, or 8132 
per running yard. It is lined with masonry throughout its whole 
length, the thickness being 20 inches in compact chalk and 32 inches 
in that which was seamy. In the latter material great precautions 
were necessary to avoid the falling in of large masses. 

9 
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TUNNEL OF ALOUETTE. 

Thn tuimel is vpon the Orleans railtray. Its length is 1,235 
metres, or 1,350 yards. Its extramra width is 25 feet 7 inches, and 
its height above the rails 20 feet. It passes entir^ tlunugh clay, 
iviiere it was originally intended to have been an open cut ; but the 
material was so subject to slides in wet weather, that a tunnel was 
found necessary for the security of the track. It was therefore built 
in an open cutting, and subsequently filled over. There are 21 krge 
shafts or openings, 18 feet 6 inches in c^iameter. The pressure of l^e 
clay at the sides is so great, that the walls, in some places 5 feet 3 
inches Utick, were further strengthened by counteribrts 8 feet 4 
inches square. To relieve the tunnel firom the water there are three 
parallel drains, one in the centre and one at each side nnder the 
road bed, and blind drains of loose stone behind the side walls. Its 
construction occupied 23 months, and its cost was 1,670 francs -pex 
running metre, or #305 per yard in length. About 660 yards of the 
tunnel are on a curve of large radius. 

TUNNEL OF LAMOTTE. 

The tunnel of Lamotte, on the railway from Paris to Caen, is 2,560 
metres, or 2,799 yards, more than a mile and a half, in length. In 
section, its extreme width is 24 feet 1 1 inches, and its height above 
tiie rails 22 feet. Of its length, 931 yards are lined with masonry, 
676 yards left in rock, and 1,192 yards built ^dth side walls only. It 
passes mainly through marl, and for a short distance through chalk 
and green sandstone. There is a slight rise from each entrance 
towards the centre. At the distance of about 500 yards firom one 
entrance there is an open cut 22 yards in length. Eleven sYa^ 
were used for its cons^ction, of which 2 were at the entrances, 
2 more were subsequendy closed, and 7 vemain open, its con- 
struction occupied 2^ years. Its cost was 984 francs per running 
metre, or $180 per running yard. 

The practice oi tlie Frendi e&gtneexs, in ihe construction of tim- 
nels, difiers in some ree^eets fr'Mn tibat of the English. In comment 
cing tiie construction, l^ey sometimes run forward two nnall headings 
to receive "^ side wdils, as shown in ^ drawing of the 6h^ay Tun- 
nel, and tbmpkhe &e(^ wifis before beganing tiie exeavattioa for the 
whole section. In other cases, the upper part €£ the tuauel is fowl 
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opened and tlie arch built ; the space for the side walls is then exca- 
vated, the arch propped with timber, and the walls constructed inder- 
neath it, as shown in the section of the Rilly X^^^^^* It is also rery 
common, I had almost said universal, to cover the masonry of the 
arch with cement or bitumen, or some impervious material, to keep 
out the water. Drains are sometimes made behind the walls, with 
outlets to the central drain. At the tunnel of Liveman, on the 
Orleans railway, large cables of straw were placed against the rock 
to lead off the water, and the masonry was built up around them. 

In building shafts, the French engineers prefer to place them on 
one side, and not over the centre of the tunnel, partly because they 
consider it more convenient for purposes of construction, and partly 
because they think it safer for the track, which is thus less exposed to 
accident or ill-will, or the troubles arising from wet or di;ipping shafts. 

The thickness of the walls and arches, as well, as the shape of the 
section,* are varied to meet the requirements of various soils^ and the 
direction and force of the pressure to be counteracted. The section 
given of the tunnel of Hardelot shows a form adopted in a soft, mov- 
ing clay, where the tunnel was built as the only security against dan- 
gerous slides in a deep cutting. [Plates XI V,, XV.] 

The French engineers are not afraid to construct tunnels on a 
curve. The tunnel of Hoffmuhl, 247 metres in length, the tunnel of 
Lutzelbourg, 439 metres in length, the tunnel of Montretout, 168 
metres in length, the tunnel of Bourg la E^ine, 204 metres in length, 
are either wholly, or almost wholly, on curves of about 2,500 feet 
radius. The tunnel of Fesc, 167 metres long, is on a curve of about 
800 feet radius. And the tunnel of Vierzon, 2(08 metres long, is oil 
a reversed curve^ one radius being 3,280 feet^ and the other 4,100, feet. 

With the exception of the description of t^e tunnel of . St. Martin, 
above referred to, I found no published account of the tunnels of, 
France. But as the French engineers of the Fonts et Chauss6es are 
members of a corps in the public service, and report directly and 
minutely to the central^ administration at Paris, a large body of statis- 
tieal information is there collected,, the accuracy of which may be 
relied on. It is from these unpublished documents, which are there 
prepared for the use of the government engineers^ and to which I 
obtained access through the kindness of a friend belonging to the 
corps, that I have obtained most of the deti^ls which.I have given above. 

Fiom the same source of iiifonpiatipn» I Jifiye also prepared the ioU 
lowing table, which shows some of the dicdract^sUcs of ^ l^ge iium* 
ber of tunnels constructed in France : — 
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In the foregoing table the area of section given in square feet is the 
area in the clear above the rails. The whole section excavated, in- 
cluding road bed and masonry lining would be ordinarily from 20 to 
30 per cent, more than this. 

The section originally proposed for the Hoosac Tunnel, as shown by 
the drawing appended to this report, had an area of 422 square feet ; 
and t^at subsequently adopted, and with which the tunnel has been 
commenced, has but 231 square feet. 

In conversing with French engineers in r^ation to the Hoosac 
Tunnel, I found a most decided opinion that the central shaft would 
be indispensable, and equally decided objections to the small section. 
Mr. Chc^eron, the engineer in chief of the line from Paris to Lyons 
and the Mediterranean, in speaking of a large section as essential for 
ventilation, told me of a tunnel originally built on the St. EUenne 
railway, in the south of France, about 1,400 metres in l^igth, only 
about 10 feet in width, and high enough to admit the passage of loco- 
motives, and said it was perfecdy intolerable. To use his own ex- 
pression, it was " the smoky tortuxe." Fortunately for the travelling 
public the tunnel fell in, and was thereupon abandoned. Other lines 
have taken its ^aoe. 

There was a good deal of difference of opinion among those with 
whom I conv^sed as to the monthly progress possible by hand labor 
in a rock like ours at the Hoosac JVloimtain. The highest estimate 
was about 60 feet, and from that down to less than 30 feet^ I aiaspect 
the truth to be, that some engineers depend upon wha4; can be done 
in a month of successful and uninterrupted labor, said others think 
only of the whole time to be consumed from the beginning to the 
end of a great enterprise. Th^:^ is a wide range between the two. 

TUKNEL UNDER THE ALPS AT MONT CENIS. 

The tunnel now in progress under the Alps at M6nt Cenis, for the 
purpose of connecting France and Italy by a continuous line of rail- 
way, is by for the greatest and boldest work of the kind ever yet 
undertaken. As you approach the Alps from the French side, the 
last forty or fifty miles of railway before reaching St. Michel, the 
jwresent terminus, pass through a wild and mountainous region, pre- 
senting formidable obstacles to the engineer. Sharp curves, steep 
grades, and tunnels innumerable are rendered absolutely necessary by 
the character of the country, these tunnels being generally through 
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spurs of the mountains which picject into the nairow gorge through 
which the line winds its way, and therefore often admitting the use 
of lateral galleries, running out horizontally, instead of vertical shafts, 
to facilitate their construction. At St. Michd trarellers leave the 
railway car for the diligence, and after a tedious ride of ahout e^ht 
hours, making the ascent of Mont Cenis with the assistance of 12 
mules added to the horses, reach Susa, oil the Italian side, whence a 
railway runs direct to Turin, and there connects with all the Unes of 
the Italian peninsula. 

The present project is to continue the line of railway from St. 
Michel to Modane, a distance of some ten miles, following in general 
the course now pursued by the travelled road. At Modane is situated 
the northern entrance of the tunndl, the line of which turns abruptly, 
crosses Mont Cenis at the narrowest ridge, and comes out at Bar* 
donn^che, on the Italian side, much to the south of the travelled road. 
From there it is to be connected by a railway 25 or SO miles 
in length, either with the present line at Susa, or with some point 
on that line nearer Turin, as may be found most expedient. 

Preliminary siurv^eys for these pc»i;ions of railway have been made, 
but nothing more. Nothing whatever has been expended on their 
construction. They are difficult lines to build, but these diificulties 
disappear before those of the great work of which they are to form the 
s^pioaches ; and until that shall have been brought nigh towards its 
completicm, or at any rate to such a stage of its progress that its com- 
pletion shall be neither doubtful nor remote, it has been thought best 
to devote all available skill and money to the tunnel itself, from which 
they are to derive their value. 

The work is a national work, and not a commercial speculation of 
individuals. It was originally undertaken by Sardinia, within whose 
territorial limits it was then wholly included. The cession of Savoy 
to France brou^t nearly half the tunnel into French territory, and 
by the convention establishing the new boundaries jbetween France 
and Italy it was stipulated that this great national work should be 
continued, should remain exclusively under the control of the Italian 
engineers, and that France should pay into the Sardinian treasury its 
proportion of the cost, according to an estimate then made and con^ 
sidered final, and fixed at 3,Q00 francs for each running metre, equiva- 
lent to 8550 for each running yard of its length in French territory. 
The work has remained, therefore, as it was^ under the exclusive 
direction of Mr. Grattoni and Mr. Sommeiller« the engineers; and a 
French commission of engineers visit the work from time to time, by 
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order of the Frencli govemmeiit, to view its condition, ascertain its 
progress, and vouch for the amount to be paid to Sardinia. 

The Italian engineers told me that throughout all the earlier doubtis, 
perplexities, and embarrassments attending the first stages of a new 
and bold enterprise, exposed to criticisms, sometimes ignorant, some- 
times sincere, and sometimes malevolent, on the part of politicians and 
professional men, they had constant, earnest, and sanguine support 
and encouragement from that enlightened statesman. Count Cavour, 
and they naturally speak with a little exultation of the fact that the 
work remains still in their hands, in spite of political changes ; that 
its pecuniary resources are furnished by the empire of France as well 
as by the kingdom of Italy ; that their own responsibility and rela- 
tions are as before wholly to their own government ; and that although 
French engineers visit their wo A, which they may freely criticise if 
they see fit, yet it is without any powers of authoritative criticism or 
control which might interfere with the practical exercise of their own 
judgment and experience in its prosecution. 

Mr. Grattoni is an Italian engineer of distinction, connected not 
only with this, but with other important works. Mr. Sommeiller 
gives to this alone his whole time and thoughts, and has exclusively 
devoted himself to the mechanical department. The peculiar methods 
employed for the prosecution of the work, by the use of compressed 
air, the whole system of compressors, air pumps, and drilHng 
machines he claims as his own invention, and to him must ultimately 
belong the credit of their success or the discredit of their failure. If 
he is unsuccessful, millions will have been squandered on a visionary 
project. If he succeeds, he will have solved a problem at which most 
men shook their heads, and declared it incapable of solution. 

The liiie of the tunnel, as now laid out, is straight from end to end. 
Eventually, and after its first construction, a curve will be introduced 
at each end, by a very short supplementary work, in order to make a 
better junction with the tracks at those points. It is 12,220 metres, 
or 7 miles and 1 ,044 yards in length. From the French entrance at Mo- 
dane the grade rises at the rate of 22.20 feet per 1,000, or 117.22 feet 
per mile, for a distance of 6,110 metres, or just half the length of the 
tunnel. It then falls towards the Italian entrance at Bardonn^che, at 
the rate of six inches per thousand feet, or 2.64 feet per mile. The 
rise from the French entrance to the summit is therefore 135.64 
metres, or 444.^0 feet, and from there the fall to the Italian entrance 
is 3.06 metres, or 10.04 feet, leaving the mouth of the tunnel on the 
Italian side about 435 feet higher than that on the French. Strictly 
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speaking, this is a case of a summit within the length of the tunnel, aa 
we have at the Hoosac, but it must be noticed, that the fall from thia 
summit in one direction is only 10 feet, which is less than half the 
height of the section, so that a line drawn on a level from the track at 
the summit towards the Italian entrance would come out of the tunnel 
about 11 feet below the top of the arch. This is very different 
from the Hoosac, where the grade being in bpth directions 26 feet 
per mile, a similar line would come out 35 or 40 feet above the 
top of the arch at both entrances. I may remark in passing, that 
there are frequent instances in European tunnels of a summit where 
the track in the centre is a few feet higher than the track at eithei^ 
entrance, but below the roof^ whereas I have heard of no case similar 
to that at the Hoosac. 

The rise from Modane is required for the ascent which is to be made 
by the line. The slight fall in the other direction is simply for, pur- 
poses of drainage. 

In section, the tunnel at Mont Cenis is 26 feet 3 inches wide, at 
the widest, and 20 feet 8 inches high above the rails^ It is to be 
lined with masonry throughout, but no invert is required. The drain- 
age is by a covered drain in the centre. Although aU in rock, and. 
some of it in very hard rock, the engineers are unwilling to depend 
upon this material without masonry ; for as it is not homogeneous in^ 
character, there are parts which flake off, and in some places consid- 
erable masses have broken away during the construction. Of course 
they choose to take every possible precaution against accidents in a, 
tunnel of such extraordinary length. 

The masonry is of excellent character. The side walls are of stone, laid, 
in regular courses, and on the Italian side the arches are of brick. 
The stone comes from neighboring quarries, that excavated from the 
tunnel being too rough and too much broken up, and at Bardonn^che 
the bricks are made upon lands belonging to the establishment, imder 
the direction of the engineers. Recesses, sufficient for several mei\^ 
to stand in, are built in the masonry at the distance of 100 metres, 
apart on each side, making one for every 50 metres, or 55 yards of 
tunnel; and once in every 550 yards a small side chamber is also built, 
10 or 12 feet square, which may be used as a storehouse for tools or 
materials. The thickness of the masonry for sides and arches is by. 
rule 0.60 metre, or very nearly 2 feet, but this is varied somewhat to 
adapt the masonry to the roughness of the excavation, and it is 
occasionally increased where there is any unusual weakness in the 
rock^ 
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The tnimel, of cotrrse, can have no shafts. At the summit of 
like monntam its depth below the surface is almost exactly one 
mile. Where the work is now progressing it was said to be from 
1,500 to 1,800 feet below the surface. The accompanying drawings 
[Plates XVI., XVII., XVHr.] exhibit its transverse section, and 
the plan and profile of the line. 

To lay out the line was no easy matter. Its length was determined 
by triangulation, the maps for which were shown to me at Bardonndche. 
One base was measured by the engineers, and another taken from the 
system of government surveys with which theirs was connected. For- 
tunately they have been able to estabHsh an observatory on the highest 
summit, from wHch they can see in each direction observatories placed 
at some distance from, and opposite each mouth of the tunnel. These 
observatories are stone structures, built with all the care necessary to 
insure tiie petfect stabifity of the instruments, and no apprehensions 
seemed to be felt as to the possibility of keeping the lines correctly. 

Two important questions presented themselves at the very first sug- 
gestion of the project of tunnelling the Alps, and if they could not 
be satisfactorily answered, the attempt at such an unprecedented work 
ought not to be made. These related, of course, to its ventilation, and 
the time required for its completion. 

The tunnel, as has been stated, is necessarily without shafts, and it 
is between two and three times as long as any railway tunnel yet con- 
structed. Without shafts, the woik can only be carried on from the 
two end faces, instead of the numerous frices which the use of shafts 
commonly furnishes. Without shafts, the whole ventilation necessary 
to enable the workmen to pursue their labors must be furnished from 
the ends alone, and from a distance of nearly 4 miles. Unless means 
more powerful than those hitherto employed to supply fresh air, and 
means more rapid for driving forward the work at the only two avail- 
able faces could be devised, the project would be absolutely imprac- 
ticable, or from the great length of time required would be virtually 
so. It is by a novel use of compressed air that the engineers have 
undertaken to meet these difficulties. 

The general principle is very simple, and may be stated in few 
words. The application requires a description of many details, and 
will be given hereafter. 

The principle is this : Air compressed to a high degree may be 
driven through pipes of great length, and emitted at the place where 
it is needed for ventilation. Of course, when emitted under a high 
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degree of pre^ure, it exerts a force as it rushes out, and tliis force 
may be used to move macliinery. 

In a building erected outside of the tunnel atmospheric air is com- 
pressed to a pressure of six atmospheres, or about 90 pounds to the 
square inch, by the water power derived from a mountain stream. 
From the receivers which contain it, it is conveyed in iron pipes 
into the interior of the tunnel. It may there be freely let out at 
the needed point ; it expands instantly to its natural condition, and 
furnishes pure air for breathing. It may also be ejected with the 
force due to its pressure, and acting mechanically it will drive noxious 
vapors before it. It may also be admitted against a piston moving in 
a tight cylinder, precis.Ay as steam is admitted against a piston in a 
steam engine; and after having exerted mechanically its expansive 
force, precisely like steam, it escapes into the surrounding atmosphere 
precisely like exhaust steam, but instead of coming out a useless or 
hurtful vapor, its expansion, as it passes out from its condition of high 
pressure, absorbs heat and cools the atmosphere with which it is in 
contact; it comes out pure air fit. for breathing; it can move tiie liings 
of human beings after it has spent its force upon the inanima.te ma- 
chinery; and this m^'Chinery can be substituted for hand labor in drill- 
ing the rock through which the tunnel passes, and far exceed it in 
rapidity. Here, then, we have in compressed air the material to feed 
the lungs, to cool the atmosphere, to drive away vapors or natural 
exhalations, and to move time-saving machinery, the whole being. fur- 
nished by water power outside of the tunnel, and conveyed in iro|i 
pipes, which may be of any required length, to the points where it is 
to be applied. 

However ingenious this idea, yet for. want of means of applying it 
in practice it might lead to no useful result. 

A description of the works of Bardonn^che, which I first visited, 
will explain more fully the manner, in which the engineers haye un- 
dertaken to accomplish all this. 

The workjs may be CQ^sidered in three separate divisions. First, 
the receivers to hold the compressed air. Second, the machinery to 
compress the air and supply the receivers. Third, the drilling ma- 
chines which the compressed air is to set in motion. 

First. The receivers are iron cylinders with spherical ^nds, and 
made of boiler plate. There are ten of these at Bardonn^che, set up 
in two groups of five each, all communicating with each other so as 
to make virtually but one, and the aggregate capacity of the whole is 
170 cubic metres, or 600 cubic feet. They are erected in a large 
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building standing about half a mile from the mouth of the tunnel. 
On the hill side, at the height of about 50 metres, or 164 feet above 
the receivers, is a reservoir of water with a surface of over 3,000 square 
feet, supplied by pipes laid from a small but permanent stream. By 
means of a constant influx, and ample means for overflow, the surface 
of this basin is kept permanently at the same level. From this, two 
iron pipes, which are called the manometric pipes, each 0.30 metre, or 
about one foot in diameter, are brought down to the two groups of 
receivers, with each of which one of them freely communicates. The 
air enclosed in the receivers, which at first was in its ordinary atmos- 
pheric condition, is, therefore, constantly pressed by the weight of a 
column of water 164 feet in height, acting directly against it, which 
is equivalent to about five effective atmospheres, and it will, of course, 
be condensed until its pressure exactly counterbalances that of the 
column. If a portion of the air in the receivers is now drawn out 
for use, the water descends by the pipes to supply its place, and main- 
tains what remains in them at its original pressure. If air, on the 
other hand, is forced into the receivers, it expels an equivalent amount 
of water, which is thus thrown back into the upper basin, and the 
pressure remains precisely as before. The water let down in the first 
case is instantly supplied by the influx into the basin, and that thrown 
up in the second is instantly discharged at the overflow, so that the 
surface of the basin remains uniform, the column of water pressing 
against the air in the receivers is constantly of the same height, and 
the air constantly remains at the same pressure ; that is, at a pressure 
due to 164 feet of water. 

Glass tubes connected with the receivers show on the outside the 
height at which the water stands on the inside, so that the supply of 
air furnished to them may be increased or diminished according as a 
greater or less quantity Is drawn out for use upon the works. 

Second. Means for compressing air to supply the receivers. 

At Bardonn^che this is done by compressors worked by water power. 
The water comes from a well-built stone dam erected across a small 
stream, from which it is conveyed a distance of nearly two miles to the 
compressors, by a canal lined with masonry, about four feet wide and 
three and a half feet deep, in which it stands at the depth of 24 to 
27 inched This canal has a constant but not a uniform slope, which 
must be considerable, as the velocity is very great. The water is 
opaque, turbid, and like all the waters of this region, discolored by 
the calcareous rocks ^nd earths through which it passes. In order to 
clear it from sediment and other impurities, it is first admitted into a 
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large basin, with a surface of 16,000 square feet, and a depth, of five 
feet, where it loses of course its velocity, deposits what it has in sus- 
pension, and passes out again by a grated opening, the bottom of 
which is 27 inches below the surface. From there it continues 
again its course, by the canal, to a second and smaller basin near the 
works. From there again it passes through a double set of wire grat- 
ings into a third basin, standing at the height of 45 metres, or 147 
feet above the receivers. All these precautions are necessary to secure 
water free from impurities, or foreign substances, which might be very 
injurious to the stop- cocks or valves through which it afterwards has 
to pass. In the granitic regions of New England, the clear water of 
our mountain streams would need nothing like this. From this third 
basin the water is let down by two iron pipes, each 0.50 metre, or 20 
inches in diameter,, to a reservoir built in masonry, forming the upper 
or second story of a building erected for the purpose, where it stands 
at the level of 25 metres, or 82 feet above the receivers, and close to 
the building which contains them ; and it is from this last reservoir 
that it is let directly on to the compressors. The object of the whole 
work thus far, therefore, is simply to supply water to a reservoir 82 
feet in height above the point where the water is to be used. The 
long distance from which it is brought, the deposit basins on the line, 
the height of 147 feet at which the third basin is situated, all these 
were peculiarities indicated or required by local necessities, resulting 
from the rough topography of the region, or the peculiar character of 
its water. 

Between this reservoir and the air receivers placed in the building 
just below it, are the ten compressors, these are ten iron pipes, all 
precisely alike, which are in free communication with the water in the 
reservoir, and descend from it at an angle of about 45 degrees. They 
rest upon solid masonry built upon the side-hill, and enter the build- 
ing in which the ten receivers are erected. Each pipe as it enters the 
building is turned vertically downward, as sho^vn in the annexed sketch, 
and after a short horizontal course rises again vertically, and is then 
placed in communication with the upper part of the receiver, to which 
it corresponds. In the vertical branch near the receiver at A [Plate 
XIX.] is a valve opening inward to the receiver, and which, though 
pressed on one side by the water held in the compressor pipe, tending 
to open it, is pressed on the other by the confined air, which has the 
force of a column of water twice as high held in the manometric pipe, 
and therefore keeps it tightly closed. Directly under the valve A are 
four small valves, v, in the side of the pipe, by which outward air 
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may be admitted, but opening inward to the pipe they are, of course, 
kept closed by the pressure of the water within it. On the horizontal 
branch is an escape cock, B, by opening which the water may be let 
out of the pipe. On the. other side, at C, is a cock by which the com- 
munication with the reservoir may be shut off at pleasure. 

We have thus an iron pipe full of water, descending from the reser« 
TDir with which it freely communicates, and holding water with a 
pressure of 82 feet against one side of a valve A, opening into the 
receivers, which is hekl down on the other side by air exerting a 
pressure equivalent to 164 feet. We now close the cock C, and 
thus shut off the water in its descent from the reservoir. We open 
the escape cock B, and the water below the valve A, in the branch 
ihext to the receivers will descend and escape imtil it reaches the level 
oi the cock B, which may then be closed, and the air will enter by the 
four small valves v, and supply its place. The pipe will then contain a 
small column of ordinary atmospheric air in its vertical branch 
directly under tibe valve A, and the rest of the pipe remain filled with 
water. If we now suddenly open the stop cock C, which holds back 
the water of the reservoir, that water exerts Its pressure, instantly 
acquires motion, and drives the small column of air, which the pipe 
contains, violently against the valve A, by its shock exerts against it 
a force much greater than that due simply to its pressure, compresses 
it sufficiently to throw open the valve, and injects it into the receiver. 
The reservoir is now again shut off by closing the cock C, the escape 
cock is opened, and anothar column or charge of air introduced into 
the pipe by the valves v ; the escape cock is shut — the reservoir is 
again let on — the water ram again produces its effect, a second 
charge is injected into the receiver ; and thus the process is repeated. 

The foregoing description, imperfect as it is and must be, without 
drawings in detail, may yet serve to give a general idea of these com- 
pressors. Their action is intermittent like that of a water ram, 
exerting for an instant a pressure full twice as great as that due to 
the column of water which they contain, and at each stroke injecting a 
certain volume ci compressed air into the receivers. The precise height 
of the valve A, above the escape cock B, which of course gives the 
height of the column of air which at every blow is to be compressed and 
injected into the receivers, was accurately determined by Mr. Sommeil- 
ler, by calculation and by experiment, so that exactly the whole of it 
should be driven through the valve by the shock of the water. The form 
of the stop cock C, was also contrived in such a manner that when 
opened it should fonn the least possible obstacle to the sudden press- 
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tire and motion of the column above it. And by an ingenious com- 
bination of cams and levers, the cocks B and C are opened and shut 
precisely at the proper instants. The power to move them for the 10 
compressors is furnished by two small engines erected in the building, 
which are in every respect steam engines, except that compressed air 
from the receivers is admitted into their cylinders and drives the pis- 
tons, precisely as steam from steam boilers might have been admitted. 
They operate with perfect regularity, and this is very necessary, other- 
wise the pipes themselves would be exposed to the shock which, 
transmitted to the column of air which it is to inject, spends its vio- 
lence in compressing it, and is checked by its elasticity. In a report, 
made by Mr. Noblemaire to the company now constructing the line of 
raihroads in the north of Spain, which was published in th« Memoires 
de la Sodete des Ingemeurs Civils^ in France, in June, 1861, which I 
have brought for the use of the Commissioners, is a description of 
these compressors, with drawings. Much fuller drawings, and on a 
much larger scale, being copies of those in his office, were kindly in- 
trusted to me by Mr. Sommeiller, but with the confidence that they 
should not be used for publication, as it is his intention to present 
them to the public, with his own descriptions, as soon as he can find 
the leisure to prepare them to his satisfaction. I can, therefore, only 
offer them to the inspection of the Commissioners, without annexing 
them to this report. 

I will further remark, in this connection, that these compressors 
are now rather a matter of scientific interest than of practical use ; 
for although they are now, and have been for a long time, in opera- 
tion, and in successful operation, at Bardonn^che, yet another system 
has just been introduced at Modane, the invention likewise of Mr. 
Sommeiller, which I believe to be far superior for the same purpose, 
and destined to supersede them wherever the locality will admit of 
its application. 

Third. The Drilling Machines. These are small tools, weighing 
300 or 400 lbs. apiece, occupying a space of only 6 or 8 inches square 
in section, and about 8 feet in length. They are placed in a horizon- 
tal position upon an iron firame or carriage, holding 9 of them at a 
time. The carriage is run forward and back upon a railway track in 
the centre of the tunnel, brings them up to the face of the rock 
where they are to be set in operation, and withdraws them when the 
Tock is to be blasted. They are neither cutters nor excavators, but 
simply tools to drill holes, and the holes when drilled are blasted in the 
usvfal manner. Between two l<mg parallel bars, about 4 inches apart, 
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lies an air cylinder 2 j- inches in diameter and 8 inches in length, made 
and used precisely like the cylinder of a miniature steam engine. In 
this cylinder runs a piston, moving horizontally forwards and backwards, 
and set in motion by compressed air, introduced by means of a flexible 
india rubber tube from the large pipes, by which it is conveyed along 
the floor of the tunnel from the receivers. The piston rod passes through 
the heads of the cylinder, and upon the forward end of it is flxed the 
drill, which thus becomes a part of it, and is driven forward and back- 
ward at every stroke of the piston. The slides which admit and shut 
off the air to drive this piston (precisely as steam is admitted to the 
cylinder of a steam engine), are themselves worked by cams connected 
with another and distinct air cylinder, also 2^ inches in diameter, 
with a foux^inch stroke, placed in the rear of the one first mentioned, 
and into which compressed air is introduced in the same manner. 
The piston in this second cylinder works with a uniform stroke and 
with perfect regularity. The length of stroke of the piston in the 
first cylinder is of course irregular, because the drill, fixed firmly 
upon the end of its rod, will advance more or less, according to the 
varying resistance of the rock against which it strikes, and to the 
progress it makes as it penetrates into it. It is for this reason that it 
cannot work the slides, and that the second or independent cylinder 
is introduced for that purpose. There is an ingenious screw arrange- 
ment, worked from the same cylinder, by means of which a rotatory 
motion is given to the piston which drives the drill, so that its po- 
sition is slightly changed at every stroke, making a complete revolu- 
tion in sixteen. By similar means a "feed motion" is given to the 
whole system of cylinder and piston and drill, causing them to slide 
forward between the two parallel side bars as the drill penetrates the 
rock, and to follow up the driU hole as fast as it is deepened. The 
carriage upon which the drills are placed, being chocked upon the 
rails upon which it runs, is the fixed point from which the advance is 
made. The machine, therefore, may be described in a few words as 
a diminutive air engine, the piston of which drives an ordinary drill, 
and a second air engine, which regulates the admission of air to the 
first one, gives a rotatory motion to the drill, and a feed motion to the 
whole tool. 

In the foregoing account of the receivers, the compressors, and the 
drilling machines, I have aimed only to give a general idea of what 
they are, and have by no means undertaken to furnish a full descrip- 
tion, by means of which they might be reproduced. The drilling 
machines, to be exhibited with all their ingenious details, would require 
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very elaborate drawings, and perhaps patterns. But they are quite 
small, easily transported, and can be procured through the assistance 
of Mr. Sommeiller, if it should be thought desirable by the Commis- 
sioners. The only printed account I have been able to find, is the 
report of Mr. Noblemaire, above referred to, which is dated June, 
1861, since which date some improvements have been introduced, and 
additional experience gained by fifteen months* labor. Mr. Sommeil- 
ler, to whoftp inventive genius they are due, -has thus far published 
nothing upon them, but he gave me a drawing on a scale of one fifth 
the full size, which shows the latest pattern. He firankly told me 
that the details had been gradually elaborated and perfected according 
to the suggestions furnished by practical use, that he had thus far con- 
sidered them rather as in progress than as completed, and that he had 
been unwilling to give them to the public until he had first satisfied 
himself. For any one else to undertake to furnish complete and 
detailed drawings taken from the works in their present condition, 
would probably be to spend much time and trouble in describing 
some things already discarded or greatly improved. To undertake to 
do it firom the drawings kindly furnished by Mr. Sommeiller himself, 
would be to deprive him of what he candidly told me he prized and 
claimed, that is, the privilege of introducing to the scientific world, in 
his own time and manner, as he hopes soon to do, the offspring of his 
own ingenuity. 

Moreover, the object of my visit to Mont Cenis was to see results, 
rather than details; to see what progress was actually made, or 
whether, as I had heard in some quarters, the work was really about 
to be abandoned. I wished to see with my own eyes whether the 
machines in use were but an untried experiment, whether they were 
a proved failure and laid aside, or whether they were actually and 
uniformly at work, and how long they had been so. I wished to 
ascertain what confidence the engineers had in the success of their 
enterprise, and the reasons for that confidence if it existed ; and, in fine, 
to see what could be learned, fi"om the situation of this great work, 
useful to assist our judgment in relation to the feasibility, cost, or 
rate of progress of the work in contemplation at home. 

While at Bardonn^che, I made several visits to the interior of the 
tunnel, and spent some hours within it, to ascertain from personal 
observation the state of the air at different places under differ- 
ent circumstances, and the manner in which the work was carried 
forward. 
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From the receivers which hold the coinpressed air, an iron pipe 
about eight inches in diameter is carried a distance of 930 yards to 
the entrance of the tunnel. This pipe is supported iimily at the 
height of eight or ten feet abore the groimd, on heavy bearings of 
masonry at very short distances apart. The lengths are bolted tightly 
together, the ends being ground or planed smooth to make good joints, 
and sliding joints being introduced sufficiently to allow the contraction 
and expansion resulting from changes of temperature. Thfe pipe rests 
upon the supports, but is not confined to them. Where the pipe 
enters the tunnel, it is first secured against the side wall at the height 
of eight or ten feet from the ground, and it is so continued for 
some five hundred and fifty yards, after which it is let down and 
crosses to the centre of the road bed, and is there carried forward 
under ground, in the central drain between the two tracks. At the 
distance of 700 yards from the entrance, there stands in the centre, 
between the tracks, a little air engine of about two-horse power, which 
is literally nothing but a "steam" engine, in which the expansive force 
of compressed air takes the place of steam. The air is let into the 
cylinder by an India rubber tube, which takes it from the iron air pipe 
just below it. This miniature engi^ drives a fan, supplied with air 
from the central drain. The drain being large, and containing haidly 
any water, for the tunnel is perhaps more dry than any other I saw 
among all that I visited in Europe, serves very well for this distance 
as a conduit for fresh air. The fan drives this forward through a 
wooden box, from which it is emitted a long distance in advance. 
This seems to be a mere incidental appendage to the general system 
of ventilating. As the pipe on its passage could easily be tapped to 
supply power, which is let off or on by simply turning a cock, and, as 
the large dry drain offered a supply of good and cool air, it seemed 
natural enough to use the means thus ready at hand ; and let it be 
remembered that the power used is air, and that as it escapes from 
the little cylinder at each stroke of the piston, it also ventilates the 
tunnel at the place where it issues. Upon looking at the cylinder 
while the engine was in operation, I saw that its outer surface was 
white as snow from the condensation of vapor upon it. The air 
• coming out of the cylinder passes from the pressure of six atmos- 
pheres to that of one atmosphere, consequently it absorbs heat from 
every thing in contact with it, which is cooled in proportion, just as 
ice is formed by the evaporation of volatile liquids. I also noticed a 
little cloud, something like condensing steam, accompanying each dis*- 
charge of exhaust air. This appeared to be the vapor held in the sur- 
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rounding atmosphere, condensed by parting with its heat to the ex- 
panding air. I have described this little engine thus minutely, 
because to the person who enters the tunnel for the first time it is a 
striking exemplification of the use of compressed air, the great instru- 
ment on which the engineers depend for the success of their under- 
taking. Very little air is used to drive these engines. It is cut off 
at about -/^ stroke, and works expansively for the remainder. 

On the day of my first visit to the tunnel with Mr. Borelli, the 
resident chief engineer, the weather was exceedingly bad. It was 
raining very copiously, and the air outside was warm, close, and 
oppressive. On entering the tunnel, the air was sweet and clear, the 
sides and floor perfectly dry. On advancing, we heard repeated dis- 
charges in rapid succession. After entering some distance we passed 
through a cloud of vapors which resulted from the blasting we had 
heard, and were rolling towards the entrance. This was disagreeable, 
of course, but nothing more. Advancing further, the air grew better 
and better. We entered the heading or drift. way, which is now about 
two hundred and seventy-five yards in advance of the enlargement, 
passed by the water tank and drill carriage, which had been rolled 
back upon the track to be out of the way of the discharges, and 
reached the end where the blasting had just taken place. We there^ 
found a large gang of men and boys actively engaged in clearing away 
the debris, picking down the loosened pieces firom the face of the rock, 
loading them into narrow wagons and running them back past the 
drill carriage, out of the drift way, to the enlarged section where they 
were to be placed on cars of ordinary dimensions. The lights were all 
burning clear and bright, the air was perfectly good, the whole place 
light and comfortable, and full of people working with the greatest 
activity. The compressed air was heard escaping violently out of a 
nozzle in the pipe, precisely as water from the hose of a fure engine, 
and its mechanical pressure was readily felt by placing the hand in the 
neighborhood of the aperture. It is difficult to measure or define pre^ 
cisely what is camf<ni»ble or disagreeable. I can only say, that I am 
as sensitive to bad air as most people, but I know that I entered the 
tunnel with a violent headache and came out without one. Indeed, 
the place was then as good a place to work in as the entrance of the 
tunnel, and far better than many rooms often are in our factories. I 
was told that the phjrsician employed by the government at Bardon- 
n^che reports the sanitary condition of the men as entirely satis- 
factory. 

At this visit, it wiU be observed that the drilling machines were sot 
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at work, having been withdrawn from the face to allow of the blasting 
and removal of the materials. My next visit was made on the follow- 
ii^g day, a couple of hours after the blasting, that I might see them in 
full operation. On enterii^g the tunnel we found, as before, but little 
vapor ; afterwards passed through some clouds rolling slowly towards 
the entrance, emerged from them and reached the end of the enlarged 
section, where the small drift way or heading begins. The full section 
of the tunnel is 26 feet 3 inches wide, and 20 feet 8 inches high. 
The heading is carried forward about eleven and a half feet wide and 
nearly ten feet high. This is larger than the dimensions frequently 
given to these headings, but it is required in order to allow the drill 
carriage and its tender to be run m and out on a track of the ordinary 
gauge, and to allow space enough on each side of it for the passage of 
the little wagons used to remove the materials after the blast. It may 
be observed that the drilling machines are used solely in th^ heading* 
The whole of the enlargement is done by hand labor, in the ordinmiy 
way. The whole section excavated being about 645 square feet to a 
foot in length, 115 feet only, or about -^(j of the whole, is done by 
machinery. The primary object of this application of machinery is not 
to cheapen, but to expedite the work : not to save money, but to save 
time. This, of course, saves interest on great expenditures, and there- 
fore indirectly saves money as well as time, but it is only by hastening 
the progress that it does so. The gauge or measure of progress, in 
this as in other tunnels, is the progress of the heading or first opening, 
where confined space limits the number of workmen. On the enlarge- 
ment, a great number of men may find room to work, at the same 
time that the work is easier, so that no difficulty is found in keeping 
up with the rate of progress in the heading, whatever that may be. 
-Advancing into the heading, we reached the drill carriage and its 
tender, in place, close against the face of the rock, and with its nine 
drilling machines at full work. The annexed sketch [Plate XX.] 
shows a section of the drill carriage and the position of the machines. 
It is a simple frame of iron 8 or 10 feet in length, open on all sides, 
but covered with boards on top to prevent injury from any thing that 
might fall from the ceiling. Five machines, marked D, rest on the 
cross bars in its interior, four on projecting bars outside. They are 
simply secured by clamps and screws to these bars. The nine 
machines are aU independent of each other. By loosening the clamps, 
they may be moved horizontally, simply by pushing them, and the 
cross bars can themselves slide up and down on the outer post of the 
frame. As each machine can thus .have both a horizontal and a vertical 
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motion, of course the end of the drill can, ^vithin a certain range, take 
any desired position. In addition to this, it is evident that by sliding 
the rear end of the drilling machine horizontally to the right or left, 
while the front end is kept unmoved, the drill will take an oblique 
position, and a hole may be drilled obliquely to the face of the rock, 
if this should be desirable. 

The drill carriage being brought up to the face, compressed air is 
admitted to each machine by a small india rubber tube, taking it from 
the two branch air pipes shown in the section at A and A. The large 
single pipe by which the air is conveyed into and along the tunnel, 
terminates in two small branch pipes, only 0.05, or two inches in diam- 
eter, which are carried along on the ground next to the sides of the 
heading, and as the enlargement proceeds, the full sized pipe is from 
time to time extended, and the branches moved forward again to its 
extremity. The drill of the proper size and shape is affixed to the 
forward end of the piston. One man stands by it to adjust and guide 
its first movement. Another tends the machine, and others are at 
work oiling the bearings, tending the lamps, or in readiness to move 
the machines, hand out the new drills, regulate the discharge of 
water, &c. Directly behind the drill carriage, on the same track, is 
the tank or tender already mentioned. This is simply a horizontal 
cylinder of boiler plate, with spherical ends, standing on wheels, by 
which it runs upon the track, and filled with water. The tunnel is 
so dry that it does not even afford water enough to fill this tender. 
The water is therefore introduced into the tunnel by a small pipe, tak- 
ing it from a stream near the entrance. After the tank is partly filled 
and closed, recourse is again had to the universal agent, the compressed 
air. This is connected by a flexible tube with the interior of the 
tank, compresses the air in it to five effective atmospheres, is then shut 
off, and the tank is ready to eject water under that pressure. 'Wliile 
the drills are hammering away at the rate of some two hundred strokes 
a minute, a fine stream or thread of water is ejected from the t-ank 
through a very small pipe, directly into the hole. This water, of 
course, under its pressure of &\e atmospheres, strikes with such force 
as to completely wash out the dust and particles of stone, as they are 
crushed under the drill. It also cools the drill and preserves its tem- 
per. Its action is therefore very important. 

As I have said, the 9 machines were at full work. Fixed gas lights 
and movable oil lamps completely lighted the place, and were burn- 
ing with perfect clearness. At the 9 drills and machines, and in and 
about the carriage, were some 30 persons. I stood at the front of the 
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machines, Avithin three or four feet of the lace of the \^ork, and 
remained there, watching th^n, for perhaps three quarters of an 
hour. One drill was driying directly into hard quartz, advancing 
very slowly, and making the sparks fly at every stroke. Others, 
working in softer spots, were cutting rapidly. Some drills virere 
blunted. Their single machine was stopped for a moment, another 
handed to the man at the face, who placed it in position, and the 
machine was started again, without interfering with the others. 
Some machines were stopped, then raised or lowered, to begin a 
hole in a new place. Every man seemed earnest at his work, 
and to work with ease. The exhaust air made the place as com- 
fortable for respiration, and as cool, as ordinary factory rooms; 
vastly better than many factory rooms that I have been into. The 
only annoyance was the noise. It was precisely like the noise of the 
looms in the weaving room of a cotton factory worked at high speed. 
It required the same effort to make the voice heard, and shutting my 
eyes to listen to it, the illusion was perfect. The workmen seemed 
crowded. It may be that the presence of four or Aye spectators con- 
tributed to this. They were in front and behind, perched on both 
sides and inside of the frame of the drill carriage, like birds in a cage. 
I thought them in danger of being jammed between the machines, 
but the engineer said he had never known it to happen. 

On returning out of the tunnel, we overtook nearer the entrance 
the vapors we had met as we came in. But they had so diffused 
themselves in the enlarged section as not to be much noticed. At the 
time of this visit, there were from SO to 100 men at work enlarg- 
ing t^e section, in addition to the 80 in the heading. 

The machines, when brought up to the work, drill 80 holes before 
any blasting is done. Three of these, near the centre, are large, 
being about 8 centimetres, or rather more than 3 inches in diameter, 
and are not used for blasting, but simply as an '' excavation " on a 
small scale, to facilitate the effect of the first blasts. The annexed 
sketch shows the position of the holes, and also shows by the figures, 
1, 2, 3, 4, the order in which the 4 groups, into which they are 
divided, are successively blasted. As soon as the holes are all made, 
the drill carriage and the tender are run back upon the track far 
enough to be out of harm's way, and protected by doors or barricades. 
All the holes are then loaded, except the 4th group at the bottom. 
Group 1 is fired ; then group 2 ; then group 3. The lower group, 4, 
is then cleared of the rubbish which falls upon it from the previous 
blasts, is loaded and fired. The air is then let out against the face. 
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drives back the vapors, and makes the place immediately fit for work 
to be resumed. Boys and men at once run forward to clear out the 
fragments or loosened materials. On each side of the heading is a 
track, of about a foot gauge, on which run little trucks, with wheels 
eight or nine inches in diameter. These trucks carry skips or wagon 
bodies, 4 feet long and 18 inches wide. The small fragments are 
hastily thrown into baskets, and emptied into these wagons. Larger 
pieces are lifted into them. As soon as a train of 4 or 5 wagons is 
loaded, it is run back upon the track, has just room to pass by the 
side of the drill carriage and tender, and reach the enlarged section, 
where large platform cars are standing in readiness. By means of a 
windlass and a rope and hook descending from the roof, the wagon bodies 
are lifted and placed upon the cars. It is intended, however, in 
future, to arrange for emptying them into the large cars, instead of 
carrying them out bodily. As soon as the materials are thus suffi- 
ciently cleared, the track is prepared, and the drill carriage and tender 
are run up again to the face. [Plate XXI.] 

The rock has so many seams that it is unsafe to trust it long 
unsupported. In the heading, where so much room is required for the 
machines and the men, ordinary wooden props, of the requisite strength, 
would occupy too much space. The vertical supports are, therefore, 
of iron, about 2^ inches square, and for the horizontal bars resting 
upon them to support the ceiling, old rails are used. Behind and 
above these, planks are placed in the usual way. Mr. Borelli, the 
resident chief engineer at Bardonn^che, told me that he had found 
great advantage in the use of iron instead of wood, so much so, that 
he was inclined to recommend it for tunnels generally. Th*s far, 
however, it has only been used in the heading, the propping else- 
where being timber as usual. 

The holes drilled by the machines are from 32 to 36 inches in 
depth. For the 3 large holes, which are not blasted, a drill is used 
which has a diameter of about 1^ inches for a length of 4 inches, and 
is then enlarged to a cutting shoulder about 3 inches in diameter, as 
shown in the annexed sketch. If the rock is very hard, drills about 
^ inch smaller are used. [Plate XXII.] 

For the other holes, drills are used of 3 sizes: Nos. 1, 2, and 3, 
which are respectively of the diameter of 1-^, 1/^, 1^^ inches; the 
smallest being used for the hardest rock. 

Where a particularly hard rock is met with, they sometimes begin 
with a large drill. No. 1 , and successively use smaller drills, Nos. 2 
and 3, as they deepen the hole. 
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To make 80 boles, they generally use 120 drills* but sometimes one 
drill will make 2 or 3 holes, and sometimes one hole will require 2 or 
3 drills/ The common section of the cuttei; at the end. of the drill is 




If the lock vmn move homogeneous^ they would use a^ 
straight edged cutter C--^^ Th^ grea<;est difficulty emDount^re^* is 

the want of homogeneity, which they consider much worse than hard- 
ness. The Z^ection, widi the rotatory motion of the drill, partly 
obviates the difficulty. 

Little cylinders of clay, about 6 inches long, pressed to their shape 
in a die, are made in large quantities near the mouth of the tunnel, 
and are used as wadding in loading the holes for blasting. 

Mr. BoreUi gave me the following account of the manner in which 
the labor is organized : — 

Sunday is unknown under the .Alps. There are six great yearly 
festivals ; and leaving out these, the work goes on, uninterruptedly, 
359 days in a year. 

The masons' work is carried on 8 hours per day, and by the same 
men of course every day. This suffices to keep the masonry up 
with the rest of the work, and there is no change of gang. 

The excavation for the enlargement of the tunnel to its fuU size is 
carried on 24 hours per day, by 3 separate gangs, each working 8 
hours, and each having its proportion of miners, strikers, and other 
laborers. 

The drill carriage is brought up to the face twice a day, and set to 
work. The 80 holes are drilled in from 5 to 7 hours ; they are theA 
loaded, blasted, and the debris removed, ready for the machines to act 
again. This operation is effected twice a day. 

The machines require 30 men at once to work the whole 9. One 
stands at the drill ; another, near the front of the machine, changes 
the drills, moves the machine when necessary, either up or down or 
sideways, to the place for new holes; a liiird, inside the frame of 
the drill carriage, directs the admission of the air ; and 2 or 3 more odl' 
up, look after the lights, and assist generally. 

All these men are changed twice a day, making therefore 2 gangs 
of 30 each. Of course it will be seen that they do not work 12 
hours, but only during the time the machines are working for a 
single turn. 

There are 6 men and 2 bo3rs employed in loadjng the holes for 
blasting. T^ey go to wcnrk twice a day, after each set of holes has 
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been completed. As their work is light, and not of long duration, 
the same gang comes twice a day into the tunnel for this work. 

There are 20 men and boys employed to remove the debris after 
each blasting. Their work is not long, and the same gang comes 
twice a day into the tunnel for the purpose. 
Thus we have for a day's work at the heading, 

60 men (2 gangs of 30) ... at the machines. 

8 men and boys to load and blast. 

20 men and boys to remove the debris. 

88 workmen. 

These men are not equally paid. The prices range from 1.50 firancs 
per day for boys, to 5.50 for the best mechanics. The men who 
blast have 4 francs per day. Mr. Borelli thought the average price 
of the whole would be about 3.50 francs, or 70 cents per day. 

It Lb a great object to induce these men to work as expeditiously as 
possible. In order to encourage them to do so, premiums are paid for 
extra speed. It has been stated that to drill the holes requires from 5 
to 7 houriB. If the gang at the machines can complete the holes in 
less than 6 hours, they all receive as a gratuity j^ of a day's wages. 
That is, they receive pay for IJ days instead of 1 day. If the work 
is completed in less than 5 hours, they all receive 1^ day's wages. 
This has been accomplished, but it is a very rare occurrence. Ener- 
getic and rapid work, therefore, insures them fewer hours of labor 
and more pay. The completion of the task is the work for the day. 
At first a premium was paid on the advance of each nmchine. It was 
found that the men interfered with each other, every one driving 
his own machine, and, if need be, to the inconvenience of his neigh- 
bor. Now the premium is for the whole gang. TherefcM-e, every one 
is interested, not to hinder, but to assist his neighbor ; and if an 
indolent or careless workman is among them, his companions soon 
find him out. There is a similar system of premiums for extra rapid- 
ity in removing the materials after blasting ; but there is none for the 
men who blast. Their labor is not of long duration, and they are 
well paid. For them, a premium on speed would lead to haste, care- 
lessness, and accident. As so much depends on the skill, assidu- 
i^, and cooperation of the workmen, this system of premiums seems 
to be very wisely adopted. 

Mr. BoreUi stated that up to January, 1861, the whole work of the 
ti^m^l had been done exclusively by hand labor. Since then, up to 
the present time, the whole work in the heading has been done excla- 
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sively by the machines, the enlargement being executed by hand labor 
as before. At the time of my visit, in September, 1862, they had 
therefore been at work about 19 months. The whole distance from 
the entrance to the place where the machines are working is now 
(Sept. 6, 1862) 1,160 metres, or 1,268 yards. The monthly advance 
made by hand was 20.52 metres, or 22^ yards on the average. The 
monthly advance now made by the machines is about double. With 
occasional variations, the rock has been in general the same from first 
to last. I have brought home, for the examination of the Commis- 
sioners, a number of specimens which are a fair sample of its quality, 
and seem to me as hard as the Hoosac rock. The engineers are by . 
no means satisfied with the progress they make. While it is already 
double that made by hand, they hope to increase it to threefold or 
more. They now count on 40 metres, or about 130 feet advance per 
month at one face; their aim is to reach 70 or 75. In questioning 
them as to the particular points where improvements are to be ex- 
pected, I find them to be, in the first place, such an organization of 
their labor as to make 3 turns a day, instead of 2, with the machines. 
This alone would add 50 per cent, to their advance. And it seemed 
to me not at all unlikely to be effected. Besides this, they expect that 
experience will indicate, as it has already done, further improvements 
in the details of their machines ; the best size and weight for them, 
the best pressure at which to use the air, the best size for the drills, 
the best form for the cutter at the end, the speed at which the ma- 
chines shall be driven, the proper conveniences for quickly adjusting 
and moving the machines and drills. The skill and ingenuity already 
displayed can hardly fail, when assisted by experience, to produce im- 
provements in these particulars. And all these improvements in 
work and details are fortunately of such a character that they may be 
introduced without at all delaying or interfering with the good results 
aheady obtained.^ A new machine may be placed upon the drill car- 
riage while it is drawn back from the work ; a new drill may be 
placed It the front of any machine ; a new drill carriage of different 
construction, all loaded with its drills, may be run into the tunnel and 
substituted for the old one without delaying its advance to the front 
at the proper moment. 

The best evidence of the results thus far produced is given by the 
following table of the monthly advance from the beginning of the work 
up to the present time. The opening was commenced in October, 
1857; and on the 30th November, the distance from the entrance 
to the head of the drift way was 9.50 metres. Since then the month- 
ly progress has been as follows : — 
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Monthly piog;ress by hand labor. 

Distance excavated. Metres. 



1857, November 30, 


. . 9.50 


Monthly 


progress by machine labor. 


December, , . 


. . 17.78 






Metres. 


1858, January, . . 


. . 23.72 


1861 


, February, 


1 9;50 


February, . . 


. • 20.00 




March, 


March, . . . 


. . 21.77 




April, 


. . 17.50 


April, . . . 


. . 21,23* 




May, 


I 13/71 


May, . . . 


. . 24.00 




June, 


June, . . . 


. . 21.00 




July, 


. . 18.38 


July, . . . 


. . 23.94 




August, . 


. . 24.14 


August, . . 


. . 22.26 




Fieptember, , 


. . 23.67 


September, . 


. . 20.53 




October, 


. . 25.65 


October, 


. . 18.49 




November, . 


. . 8.10 


November, . 


. . 20.36 




December,^ , 


. . 31.00 


December, . . 


. . 20.27 


1862 


, January, 


. . 32.50 


1859, January, . . 


. . 24.15 




February, 


. . 28.60 


February, . 


. . 20.20 




March, . . 


. . 34.75 


March, . . , 


. . 20.95 




April, . . 


. . 35.00 


April, . . 


. . 10.15 




May, . . . 


. . 35.20 


May, . 


. . 18.10 




June, . , 


. . 33.00 


June,. . . , 


. 11.70 




July, . .. . 


. 39.00 


July, . . . . 


. . 16.90 




August, . , 


. 37.00 


August, . . 
September, . . 


1 .5 40 








. 17.90 






446.70 


Otetober, . . , 


. 21.55 


Brought forward, 


704.00 


N'b vemb er 


. 17.95 
. 20.40 








December, . . 






1,150.70 


1850; January,. . . 


. 8.05 








February, . . 


. . 17.05 








March, . . , 


. 23.45 








April, . . . 


. 24.80 








May, . . . . 


*. 25.50 






t 


June, . . . 


. . 23.45 








July, . . . , 


. 21.72 








August, . . . 


. 30.03 








September 19 th 


,. . 11.00 








October, 7 










November, 










December, f 


. l'8r.-75 


f 






18B1, January 12, 


704JOO 
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On the 3 1st January, 1860, the heading had advanced to 523.25 
metres firom the entrance, the enlarged section having then been 
brought up to 508.25. A change was made in the manner of work- 
ing at that date. Prior to this, the heading had been carried forward 
at the top of the section. It was now carried forward at the bottom. 
To make this change, the advance of the heading was slackened until 
the enlargement at the bottom reached it, and the new heading was 
carried forward. (^ the 29th February, 1860, the heading at the 
bottom was completed to 525.30 metres, and the monthly progress 
after that date is measured at the bottom. 

The table shows an average progress of 20.52 metres, or 22^ yards 
per month, for 32 months, from December, 1857, to August, 1860, 
inclusive, during which period the work does not seem to have been 
interrupted. Indeed, Mr. Borelli told me that it was vigorously 
pressed forward. This was all done by hand labor in the usual way. 

After September 19, 1860, there was a long interruption, to pre- 
pare for the machines, which were started January 12, 1861, and 
appear to have made but little progress until the first of July, when 
they were fairly at work. They worked steadily for the four months 
of July, August, September, and October, 1861, and made an average 
monthly progress of 22.96 metres, or 25 yards. This was but little 
better than hand work. In November, work was suspended 22 days 
for the purpose of making alterations in the drill carriage, the effect ' 
of which is immediately seen. For the next 9 months, and up to the 
present time, the work by machines has been carried on without inter- 
ruption, and for these 9 months, the average monthly advance has 
been 34 metres, or 37 yards. In July it was nearly 43 yards. In some 
weeks, work has been done ftt the rate of from 44 to 48 yards per 
month, and a rate of progress by the machines in their present con- 
dition may be considered as already certain to the extent of double 
that by hand. 

Nine months of uninterrupted daily labor, with such results, show 
that the feasibility of drilling by machinery is no longer a question. 
Improvement in its use is also manifest. The last months are the 
best. I consider the possibility of an advance double that by hand 
labor already demonstrated, and I have great confidence that a three- 
fold advance will be attained at no distant day. 

Before leaving Bardonn^che I will add a few more details to those 
already given. 

There are 10 compressors, but they are^ not all kept at work. 
Eight of them working 14 hours out of the 24, and making 3 strokes 
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per minute, supply all the air that is needed at present. It should be 
stated also, that the water which is brought to the works is by no 
means all used, a large portion being let off and wasted, and that 
while the whole fall is 45 metres, only 25 are actually made available. 
It is evident, therefore, that means are at the disposal of the engineers 
for compressing a very much larger quantity of air whenever the prog- 
ress of the tunnel may require it. The air receivers now have a 
capacity of 1 70 cubic metres. The intention is to increase it to 600 
cubic metres, or 2,119 cubic yards, so that being kept in store, as it 
were, a large quantity of air may be drawn out without too much 
impairing the supply. 

Besides the means of ventilation already described, an inclined 
chimney is now being constructed, with a section about 40 inches 
square, which starts from the inside of the tunnel, 20 or 30 feet from 
the entrance, runs up the slope of the mountain, rising nearly at an 
angle of 45 degrees, and terminates in a vertical summit. This 
chimney is to have a large fire-place at its foot, near the top of the 
tunnel, and the air is to be supplied from a tight wooden box, opening 
underneath the fire-grate, and from there extending a long distance into 
the tunnel, where it is suspended near the ceiling. The fire is to cre- 
ate a draft, and the air to feed it will thus come from the interior of 
the tunnel, near its roof. The chimney may be continued up the hill 
to an indefinite height, and it is expected that it will be very useful in 
clearing the tunnel of the vapors which the compressed air is driving 
out from the interior. 

The annexed sketch [Plate XXIII.} shows its position. 

At Modane, on the French side of Mont Cenis, the work upon the 
tuimel is less advanced than at Bardonndche. The drilling machines 
are not yet in operation, and the compressed air is only used for the 
other purposes for which it is needed. The machines are already in 
the workshops, the drill carriage is prepared to run them in, and the 
resident engineers are only waiting the orders or the presence of Mr. 
Sommeiller, who was expected from day to day, to set them at work. 
The means here employed for compressing the air are quite different 
from those previously described. The water power is derived from a 
rapid mountain stream, the Arc, which runs through the narrow valley 
with a considerable quantity of water and but little fall. A slight 
obstruction placed in the channel throws the water into a canal about 
20 feet wide, which conveys it a distance of some 275 yards to the 
wheels upon which it is to be delivered. These wheels are overshot 



iu 



REPORT O^ EUitOPBAN TtJNNELS. 



Platk XXIV. 



L-I 



3 




8SQTION OF PUMP FOB COMFBfiBaiNa ABSU 



TUNNEL UNDER tfiE AUPS A^ MONT CENIS. 105 

c 

wheels, witli elbow-buckets. They are isix in number, all alike, each 
of them 5.80 metres, or 19 feet in diameter, 4 metres, or 13 feet in 
length, and making about 8 revolutions per minute. They are erected 
in one line in a substantial stone building, which also contains the 
pumps which they are to drive. The water is introduced with con- 
siderable horizontal velocity at the top of the wheels. 

Outside of the building, and very near it, are the compressoris. The 
reservoir to supply them with Water is iidt on the side hill, as at Bar- 
donn^che, but is a large tank supported vertically iu the open air at 
the height of 25 metres, or 82 ffeet above the ground, by a strong iron 
framework. From this tank the compressor pipes descend vertically, 
and then turn and enter the building which contains the air receivers, 
to which they are connected precisely as at Bardonn^che. There are 
10 receivers and 10 compressors, with the same isystem of valves, and 
cocks, and air engines to move them, being duplicates of what has 
already beto described. The 'Water wheels were intended to raise 
Water by pumps, so as to keep the tank ot reservoir fuU, and thereby 
Work the compressors. Subsequently, however, to the erection of 
these compressors, a different system for compressing the air has been 
Invented by Mr. Sommeiller, and inevitably muist supersede them. 
This consists in the us^ of a double-acting pump. In which the piston 
drives a cohmm of Water agamst a column of air, compresses it, and 
throws it into the receivet at each stroke. The annexed sketch [Plate 
XXIV.] wiU serve to explain this. The pump is composed of a horizon- 
tal cylinder ftdl of Water, in which the piston moves, and two upright 
<!ylinders. A, A', Which (Contain alternately air and water. At the top 
of each upright cylinder are tWo valvfes, the lower one, C, which is 
kept covered with a little water, opens rnwial'dj and thereby admits air 
iiato the cyiiiKl^r A. The othet>C, o^ehs outward, and thereby allows 
ai5r to escape from tJie cylinder. If the jpiston moves towards A> the 
Water is driven up the cylihAer, compresses the ah:, drives it out by 
the vAlv6 C, into the (Chamber, whence it Is conveyed to the receivers. 
As the piston moves back in the othfer direction, the vidve C opens 
*nd adittits air„ which fills again the cylinder. The two upright cylin- 
dets Br6 precisely lilike, haVe ftiiliilaf v^ves, afid a<it alternately at 
etety stroke of the piston. Hie length of stroke and dimensions of 
tiie parti are no arranged that the whole of the m in the upright 
cyliiidier is ejected from it at eiwh tooke, a very small quantity of 
wat^ cevferlng the mhre C being allowed to enter with the air, and 
beitig agAin driven out by the valre at <^e teturil stroke. 

In thil machine, as in the compressors, it will be noticed that the 
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air is compressed, not by a piston, but iy a column of water acting 
directly against it. In the compressors the column acts by its weight 
and shock. In the pumps it acts under th^ impulse of the piston* 
This machine is simple, inexpensive, and effectual. The piston is 
driven by a rod directly connected with a crank on the shaft of the 
wheel. Each wheel runs two pistons, one from each end of its shaft ; 
thus there are 12 double pumps for the 6 wheels. Each wheel at 
every revolution throws 4 cylinders of air. This would make, with 8 
revolutions per minute, which the wheel was making when I saw it, 
32 cylinders for each wheel, or 192 cylinders of air per minute, if aU 
were in operation. At present only four pumps are completed. A 
single wheel, working a few hours per day, supplies all the air that is 
needed. # 

Here then, as at Bardonn^che, the engineers have at their disposal 
vastly greater means for compressing air than are yet employed. And 
the surplus power is even greater than at Bardonn^che. This may be 
a fortunate circumstance, because the tunnel rises rapidly from the 
Modane entrance, and it may eventually require more power to drive 
the noxious vapors down through the tunnel than to move them through 
the nearly level line at the other end. It may be seen by the figure 
that there are no means of readily getting at the piston, and that its 
surface may be worn by friction. Mr. Sommeiller has just completed 
the invention of a different arrangement for the horizontal cylinder 
and piston to be used for the pumps which remain to be set up. The 
principle is the same, and the improvement is merely an ingenious 
modification of details. His draughtsman, who accompanied me on 
my return to France, was on his way to Belgium for the purpose of 
having the new work executed. 

The compressors at Modane have* never been used ; I believe they 
never will be. The great fall and small quantity of water at "Bardon- 
ndche led, in that locality, to the idea of using the column itself to 
compress the air. Its continued and successful use in that way nat- 
urally suggested the adoption of the same method at Modane, where 
the local circumstances were different ; and the attempt was made, by 
pumping up water, to reproduce artificially what nature had supplied 
elsewhere. Pressed by public expectation, urged to do something, to 
satisfy in some way the public requirements, Mr. Sommeiller erected 
what he knew would answer. And if near its completion he contrived 
something much superior to it, he should not be censured for a useless 
expenditure upon the <dd, which has only been superseded through 
his own ingenuity in perfecting the new. If in the subsequent ar- 
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rangements for prosecuting his great work he should frequently modify 
and improve his own first conceptions, it may be a very good reason 
why others, not involved in such a stupendous undertaking, may hesi- 
tate to adopt his processes, but it is none why any less confidence 
should be felt in his ability and ultimate success. 

The pressure in the receivers at Modane is kept up precisely in the 
same way as in those at Bardonn^che, by the weight of a column of 
water 164 feet in height, held in pipes communicating with them at 
one end, and at the other terminating in a reservoir or basin on a 
neighboring hill, where it is supplied from a very small stream, suf- 
ficient for this purpose. 

From the receivers an iron pipe, precisely like that already de- 
scribed, and supported in like manner by posts of solid masonry, runs 
for a distance of 1,010 metres, or 1,100 yards, to the entrance of the 
tunnel, which is 105 metres, or 344 feet above the level of the pumps. 
The entrance is placed at this height to conform to the grade of the 
line, which rises vei^ rapidly in the valley, or rather gorge, through 
which flows the Arc, and continues to rise in the tunnel at the rate of 
over 117 feet per mile for half its length, as has already been stated. 

The pipe enters the tunnel and is supported along the side wall for 
some distance, after which it descends and crosses to the central drain, 
which it then follows to the end of the excavation. 

The construction of the tunnel itself is precisely the same as at 
Bardonn^che, and jit is unnecessary to repeat the description. The 
arch, however, is here of stone, as well as the sides. I went with 
Mr. Copello, the resident chief engineer, to the eztremp end, which 
is now 88.0 metres from the entrance. The air was good, and there 
was no difficulty in working, although it was not long since blasting 
had taken place. There is blasting, he told me, as- often as once in 
every two hours in some part of the work. 

The rock differs in character from that at Bardonn^che, which is, in 
general, of a calcareous nature {Gcdcaire scMstevoi), The beds vary 
greatly, — some are almost anthracite, others are sandstone, and others 
are large masses of pure quartz ; but the beds themselves are more 
homogeneous than on the other side. The rock in which they are 
now working they call gres anthrad/ere and grh quartzeuxj the 
latter, especially, being very hard. They have passed through some 
anthracite nearly fit for combustion. This has proved very trouble- 
some and dangerous, from its crumbling nature. Hereafter, they 
expect to deal with the harder material, and are prepared for it.* 

* I have brought with me a number of specimens, for the examination of the 
Commissioners. 
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In the wcMckshops, where the drilling tnachines n^w stand ready to 
be fitarted, a very large block of stone, twice the aize of a mill ^stone, 
is placed in front of them for trial. It is a quartsose rock, harder, 
they say, than auy thing met with in the tunnel. Mar. Leandre Som« 
meiller, a brother of the engineer, here has charge of the workshops . 
and maehin^y. He let on the air, and set a large drill in motion 
against the rock. In 6j- minutes it entered 14 centimetres, or 5j> 
inches. His own assertion was that they would make much better 
progress tlmn that at the rock in the tumiel. 

The average progress made by hasd does not vary much from 20 
metres, or 22 yards, per month ; but as the strata have been veiy dif- 
ferent in quality, there has been a ^eat dififarence in the advance in 
diiferi^ months. The ^igineers are Gonfident that they shEdl doable 
their jvogress as soon a^ the machines are started, and hope to do 
much more. They axe now xunmng forw^a^ the heading at bottom, 
flfl this is required by the machmes. Formerly it was run forward at 
top, whidi Mr: Ccvpello oo&sidexs unqtbestionalAy the beet method 
when AWEtmg in rock by hand labor, -^«i opinion in wbich Mr. 
BoreBi coiscides. 

What precedes will give some idea of ihB chaiaeter of the enter- 
^e, the diffifioities to be overcome, the meaats employed, and tte 
results obtained. 

With Mr. Giattom, I had, irpon my amvai art Turin, a long amd 
agreeable interview. With Mr* S<HnmeiBer I »peiit many hours and 
nuny 4ays ^ discussLog the interesting points of his work. I had 
been told in £«n^bnd that I shoi^ &id diem rather wary, shy of 
oriticiam, and 90t ready to impart information. I found them ej^aetly 
the revise. Every inquiry wa? fredy aud r^dily answered, plans 
were exhibited, and full peimissioaa giv<m to ini^ect personally wiy 
ilhing that I wished. Mr. Sosimeiller, in particvJar, gave me a great 
depl of his ti«ie, furnished me with letters to Mr* Borelli, an engineer 
•c^ great intelligenqe, who, with Mr. Carbillet* ^e superintendent of 
the mechanical depeprl^ent, has been atta^d to the works at Bardon* 
n^che from the very outset ; and eim to Mr. CopeUo, the engineer, and 
Mr. Leandre Sommeiller, the mechanical superint^ident at Modane, 
These genilanen, as, well as their {»riBcipals, gave ipe much of their 
time and attention. Mr. BorelU, esp^mally, at the request of Mr. 
^ommeiQer, placed his dmwings and his records m my hands ; and ail 
of them, instead of shunning, seemsed to ni^mt iaqwy, and to ail of 
them my cordial acknowledgment^ are due. 
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For the constructioiL of the tunnel, the great instrument in the' 
hands of the engineers is compressed air. And what an instrument 
it is ! By its aid they furnish cUr for respiration, wind to drive away 
vapors, 'power to run machines. They eject water to play against the 
rock, produce cold to temper the atmosphere, and heat by a blast at 
the forges near the entrance. Thus air, wind, power, water, cold, 
heat, can all be applied, and precisely where they are wanteds This 
sounds like fable, but it is a literal truth. 

The means already at the disposal of the engineers for increasing 
the quantity of compressed air, and, if necessary, it9 pressure, far 
beyond what is now needed, give them entire confidence that its 
agency will be suflB.cient for any future requirements. It is now con- 
veyed at each entrance a distance of about 2,000 metres, or a mile 
and a quarter, from the place where it is compressed. The loss of 
pressure is very trifling. It is emitted at the end of the pipes almost 
as it enters. They have no hesitation in asserting that they can use 
it at distances of 8 or 10 miles without any difficulty, and Mr. Som- 
meiller has made some experiments in confirmation of this opinion. 
It is indeed a wonderful instrument as they use it, and many other 
possible applications of its properties suggest themselves. To com- 
press air does not create force, but transmits it. Power is wanted at 
long distances within the tunnel. The two ordinary motive powers 
are water and steam. The former must be used where it is ; the lat- 
ter, for most purposes, can be produced where it is wanted, but the 
accompanying heat and smoke, and the need of draft, render it impos- 
sible to produce it in the tunnel. Nor can it be transmitted in pipes 
from the outside without condensation. But air, compressed where 
the power is, can be transmitted to where the power is wanted. Not 
only to the very end of the tunnel, for the drilling machines, but to the 
forges, the workshops, or wherever else upon the whole premises its 
use may be of advantage. At the entrance of the tunnel at Bardon- 
n^che is a blacksmith's shop for repairing tools, all the fires of which 
are blown from the pipe ; and another building is in process of erec- 
tion, in which air engines, supplied from the pipe, are to drive the 
tools and machinery. The engineers, indeed, look to its future ap- 
plication in large manufacturing establishments, where (as in print 
works) it is desirable that each machine, for the purpose of regular 
motion, should run independently of the rest. This may now be 
done to some extent by steam conveyed in pipes from a central boiler, 
but condensation limits the distance. If it were done by compressed 
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air, conyeyed in pipes from a central receiver, the distance might be 
indefinitely increased. 

They think, then, that they have in their hands means to ventilate 
the tunnel during its construction, and to drive the machinery required 
for its rapid progress. As regards ventilation after the tunnel shall 
Jiave been completed, they have no fears, and do not expect to require 
the aid of artificial means. The completed railways on both sides of 
the tunnel, and with which it is to be connected, are single track 
railways. Yet they have insisted upon a tunnel large enough for a 
double track. Whether one or two tracks shall eventually be laid, 
they consider this section as the smallest that would answer for pur- 
poses of ventilation. They mainly depend upon a natural current of 
air, which they expect through it. Modane is a cold valley, on the 
north side of the mountain. Bardonn^che is a much warmer valley, 
on the south side. Mr. Grattoni told me, that observations which 
have been continued for three years, show that there is almost inva- 
riably a great difference in the temperature between the two, and also 
In the barometric heights. Taking also into consideration the pre- 
vailing direction of the winds, and the fact that the Bardonn^che end 
is 435 feet higher than the other, they see reason to expect an almost 
constant current from north to south, and indeed have thought it 
might sometimes be necessary to check its force by curtains across 
the entrance. Should, however, any future difficulty arise after the 
tunnel is in operation, compressed air may still be used as a ventila- 
tor ; and indeed it would not be surprising if Mr. Sommeiller should, 
in case of need, examine the possibility of its use as a motive power 
within the tunnel, sufficient to obviate the use of steam in the transit 
through it. The idea has certainly suggested itself. 

The railways on each side of the tunnel have but a single track. 
On the line from Turin to Susa, which is the last link in the chain of 
Italian railways, there are 6 passenger trains each way, three of which 
are merely local trains, and three convey passengers to cross the moun- 
tain. There is but one freight train. On the line from Culoz to St. 
Michel, the last link in the chain of French railways, there are three 
passenger trains and one freight train. The tracks through the tun- 
nel are on the English gauge, 4 feet S^ inches, and the cars at each 
end, both freight and passenger, all being 4-whe^ cars, axe of about 
the same size in cross section as those in use on our New JBngland 
roads. 

Mr. Sommeiller claims the compressors, air pumps, and drilling 
machines, as exclusively his own invention. He has patents in 
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Europe; but not in America. In Ej^cember, 1856, and January, 
1857, experiments were in progress, and were continued until June, 
1857, when the whole system was exhibited to the government and 4o 
the public. 

All the machinery and iron work, of all kinds, for both ends of the 
tunnel, comes from the shops of Mr. Cockerel, at Seraing, in Belgium, 
Mr. Sommeiller spent nearly two years there with his drawings, get- 
ting his ideas reduced to practice. Experiments and changes were 
constantly made, and a good deal of work proved useless. With no 
experience to guide him, he had to grope his way. The first drilling 
machine cost more than four times what they now cost. Latterly, he 
has paid 2,000 francs, or $400 apiece for them. 

With his latest system of pumps for compressing air he is entirely 
satisfied, and looks for nothing further in that direction. The main 
mechanical improvement to be looked for now is in the details of the 
drilling machines and the arrangements of the drill carriage. How to 
conciliate strength with lightness and ease of adjustment, and ir 
what proportions, if need be, to sacrifice one to the other, to obtain 
the best result on the whole, are the objects of his study. He has 
already doubled the rate of advance, but he confidently hopes to 
make it threefold. 

He has never given his attention to large machines for excavating 
a full section at once — and he has no faith in them. The more por- 
table the machines can be made, as his drilling machines are, the 
more useful he believes they will be found in practice. 

The cost of the works at Mont Genis it. would be impossible to 
obtain in detail. Nor would the information be of any great practi- 
cal value. The amount spent in experimenting upon a new invention 
has little to do with the value of the invention when completed and 
reduced to practice. The works have, unquestionably, been very 
costly. The whole sum expended at the time the convention was 
made with the French government was rated at 10,000,000 francs. 
The estimate then made for the progress of the tunnel was 3,000 
francs per metre. But this is not enough. It will require 3,500 
franps per metre, or $640 per running yard. 2,000 metres are now 
substantially done, and 10,000 metres remain to be done. The 
amount now expended is about 11,000,00P francs. To complete 
1 0,000 ^letres will require, according to the latest estimate, 35,000,000 
francs, making a total of 46,000,000 francs, or $9,2.00,000. If we 
suppose the 2,000 metres already done to have cost the estimate price 
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of 3,000 ^ncs per metre, this wpi^d amount to 6,000,Q0Q francs, 
and would leave 5,000,000 francs, or <>1, 000,000, as the cost of the 
works and experiments, i^d^p?QdeIltly of the cost of the tunneL 
These figures are certainly alarming to those who might propose ta 
adopt a similar system in places where the circumstances do not ren- 
der it absolutely necessary, and where the work has not the tre^tsury 
of two great nations to support it. 

From all I saw and heard, I am confident that there is no economy 
in the use of machines, as far as regards the actual coat of the work 
done, independently of the time, and therefore of. the interest on the 
expenditures. In a case like that at Mo^t Cenis, however, supported 
by the finances of France and Italy^ a national work and not a com- 
mercial enterprise, a work against which, if feasible, the tpne required 
to complete it was urged as an insurmountable objection, the use of 
drilling machines, in connection with ijie powerful apparatus required 
for ventilation, scenes, unquestionably expedient^ 

A;s to the final result of the. work now lA progress for tunnelling 
the Alps under Mont Cenis, no man can predict with certainty what 
difficulties, now unseen, may not hereafter be encountered in an en- 
terprise which, in extent and in charactei:^ has no parallel. Yet after 
seeing the ample means, far more ample than they now require, which 
the ingenuity of the engineers has placed at their disposal, in the ap- 
plication of compressed air for so many new, varied, and useful pur- 
poses, I am s^ttisfied that they have found the best solution of the 
problem which the case admits, and that they hold an instrument fit 
to meet any thing which can now with certainty be foreseen. It is 
no longer a hope based upon an experiment| but it is a fact ascer- 

» 

tained by months of uninterrupted experience, •< — witness the table I 
have taken from their records at Bardonndche, — that they have already 
diminished by one half the 'time required for the work. At the rate 
of 80 metres a month, the rate now possible, the remaining 10,000 
metres would be completed in less than 1 1 years. I have no doubt 
they will reach 100 metres, which would reduce it to 8 or 9. If they 
reach 120, which is the least at which they aim, it would bring the 
time required from now to its completion to a period not longer than 
that expended on some of the tunnels heretofore constructed. This 
is too much to expect. In this, as in aU great works, there will be 
accidents, delays, and interruptions, which will considerably lengtlien 
the time required. Several years must be added to any e^i^ate 
based solely upon the results of actual and uninterrupted labdt. But 
in view of the results already attained, I think it requiree hx nuwe^ 
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Mdaefifr ta proBcmxkee tke woark impiaeticable 4]m» tcr natifeipftfee iti 
final stiecAM^ For my own paart, I believe ^t &e dyiity which is« 
now devoted to it is capufhle of brii^pbag it to a sueeessfitl eompletioiiy 
by meaaa ol the fKroeesses already in use and in -part perfected, suid 
within a^ ttxae wfaich herealkev wiU he called very short. 

With the engineers at Turin I conYeraed at aeane length in rdatisai 
to our own project, in which they seemed to take quite an intepeat. 
Mr. Q«att<»i objected most decidedly to the smell section with which 
the tunnel has be^a. oemmeneed. This is a matter to which lie haa 
giyen much att^tion, in consequence of a discussiett in relalaoa ta 
the size of tunnels for Ihe raU^oads* about to be built near the ^eres 
«f the Mediterranean, and his exp^ience and reflec^cm have msds 
him an earnest advocate £or a laxge section whfearev^ the length is 
considerahle^ even if there (^uld be but a ein^ track. A central < 
shaft for our line he thought indispensable, and that it should be of 
large dimensions. As the two ^^nttnces are at the same level, and 
the line runs from east to west, so that ih.e sun strikes on both sides, 
thereby equalising to some extent the temperature, he thought the 
natural current of ak through the tunnd would be less strong than if 
one valley were situated on the north and the o&er on the south of 
the intervening ridge» The shaft was aH the m^e necessary for this 
reason ; and with it he did not anticipate for us any difiieulty in ven- 
tilation after the completion of the work. He did not think, from 
the specimens of the Hoosac rock which Z showed him, that we 
should complete the %halt in less than 3 years, and if we were greatly 
troubled with water it might take longer. 

Mr. Sommeill^ objected with equal decision to our small section. 
¥ai pmposes. of ventilaticm akme, he thouglrt the section originally 
designed for two tracks none too large for so long a tunnel, and he 
recommended that it should by all means be made of the proper size 
at the outset, and not constructed with a small section, to be enlarged 
at a friture day. He wa^s equally urgafit that the central shaft should 
be constructed, and he felt that in the possibility of such a shaft we 
had an infinite advantage over their own work, where such an aid 
either for construction or ventilation is altogether beyond their reach. 
Hia drilling maehinee are not adapted to the work of sinking shafts, 
nor for use. in the paxts of the tunnel ccmstnicted by means of shafts; 
but he thought them perfectly able to wcark from the ends agaistst 
such a rock as I exhibited to him, and said he £^ contfident of an 
advance of 50 metres a month ai an end f&ce, and i^ould hope to 

15 
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accomplish much more than this. From his experience in work by 
hand, he did not think we could make in that way a progress of more 
than 16 or 18 metres in our months of 25 days. 

The machinery for compressing air, now in operation at Modane, 
he recommended as much better for our use than the compressors. 
If we have no water power, it would of course be practicable to com- 
press the air by the use of steam, but the expense would be very 
great. 

He acknowledged that the work at Mont Cenis was far beyond the 
bounds of a private enterprise or a commercial speculation, that it 
was too novel and uncertain in its character to be made a matter of 
contract, and thought the only way to deal with it was to carry it on 
at the expense and for the account of the two nations by day work, * 
under the management of their own engineers, as is now done. The 
Hoosac project, though much inferior in magnitude and difficulty, had, 
perhaps, as it seemed to him, some analogy with that at Mont Cenis 
in this, as well as in some other features. 

If machines are to be used, and his system put in operation, he 
thought we ought to^ have a water power equivalent to at least 200 
horse power, available at each end of the tunnel ; and he would prefer 
to have 500 at his disposal. Even this would be much less than the 
power at Bardonn^che and Modane. If steam is to be used, we 
should require at each end 2 steam engines of 150 horse power each, 
making four in all, either of which might work up to 200 horse power 
while the other is stopped. 

If we should determine to use his system, he would be ready, upon 
receiving the necessary local information, to furnish an estimate of the 
cost of all that would be required, and would order for us. from Cock- 
erel any thing we might wish to have made at that establishment, with 
his latest improvements, or send us detailed working drawings of any 
of his machinery to be made here. He further suggested the expedi- 
ency, in such a case, of our sending out some workmen, whom he 
would take pains to instruct fiiUy in the use of all his apparatus. 

HOOSAC TUNNEL. 

Having now given to the Commissioners an account of the various 
works visited in Europe, I presume it will be expected that I shotdd 
state the conclusions to which I have arrived, as the result of what I 
have seen and heard abroad, and of my reflections thereupon. 

As concisely expressed by the chairman of the Commissioners, in his ' 
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I 

kiitex ^ m^ai July l^lsjt, IC^BSI, tbi9 ti^eoe gpewl ^posi&ms upon irhich 

let. Wliat «oit of & timnel shoilld be built under the Hoosac 
Moantain, to answer the purposes for whidi l^e work is intended } 
M. Wha* would be the time required for its completion ? 
8d. What woxdd be its probable cost ? 

FiBftt. As regoidf ib^ /^mbi/^ i4 oompletiiig audi $ wofk, 1 
eat^rtaip m doubt wbaj^yer. Haidng ^ipi;^s9$ji %hp {ipimon ibs^ tbe 
tunnelling the AlpS) ^ enterprise c^ yastiy greater magnitude, is not 
b«|rQnd tl)^ Iji^ts of eng^eenng skiS, I cannot doubt that a. toiuel 
em be made xinder the Hoosac Mountain^ eitbjer by hand labw our 
l94PhiAe hboSPs irUcfc s^y f fl^ft^ opi|i^tiPA> be u^pd ,wi<^put prftig^ical 
^Iffiio^ttlty, and without l^e necea^ty of Axiblfidal m^an0 fsxita yj^ntUa- 
tifxa, ¥or this piu^s«t, howeyer, I hmf^ lta littk he/sitaticm in saying 
that i^ my pinion t^e m^U ipteotio^ with wHph iihe work Im ^me^ 
^p^mepoed jbs e^tk^yiaadequi^te.; Ijijit if it is to b^ built at 9)i» itp 
9ect^o^ throu^u]^t its irhide leng^ n^u^t b^ at l^^t las large as that 
originally coiatemplated^ and that witii a sumiiiit in the ceiiitre, a« now 
pscgeoted, 50 or ^ feeit highfsr ika^ eitheir lentarfi^nce, a nhaft m the 
oeiitpa at least 12 i&di indiam^)^, to be k^pt open lor v^ntilatiQn^ 
is absolutely ixidispeTisable. li lliese two conations of the fall (iec«- 
tiiQn «uffi.cient for a double track, e^en if osily one should be laid, aud 
a sha^ fear yen^il^kai ^ i^k^ sum wt, are m^ to be complied with, the 
wboLe work had -better h^ abftudoned. {Pjat^s XXV., XXVI.] 

SecQiui* iti pstiBMNtmg ike ti^e required toj the completitm (^ 
the tunnel after work shaCl hove be^p &^tiyely refined uppn it, the 
queatioa fU: onoe arises whether il; ^abftt be ^executed by hai>d labor fx 
niaeh^ne labpr. What ipaohin^ry the ingenmty of man may hereafUr 
devise it is &Qt necessary now to take into.Qonsid^f'tion. The subject 
has ati^oted the attention of inyentors ,in more than one eountvy ; but 
inasmuch as the only machines ever put ^o the test of r^^ular aiid 
pnifitecr^t^d work are those nov M use at the tuuAel under Mont 
Cenis, tjiey pme the pi^y e$L^ upoji which it would be at aU nele foi* m 
9,t present to ba«[e any <;aleuj9,tk)n9. 

^rom the expeidence alr^dy gained ^ the Hooisaic, and from simi- 
lar woi^ perlormed m o^heir countries, I .^ink (iiat the utmost that 
that mn be accomplished there by h^^ M^r woiild be 60 feet 
in l^^gtb per month of ac^al iwork, at one f^oe. I believe that 
"hbt. ficwuqeill^'s machines, if |Hr.Qpm^y put in opet-ation, with ample 
pow«r, a&d iw€^mi^n .skilled in their use, might be depended upon for 
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a progress of 120 feet at one fiioe per month of 26 days, ivMdiis foor 
days less than the working days of a rnont^ under the Alps. If the 
Hoosac Tunnel, like that at Mont Cenis, could have no shafts, and 
was to be executed entirely from the two end faces alone, the use of 
machines would reduce the time one half, and would unquestionably 
be expedient. 

But the Hoosac has one shaft already completed, 3,000 feet from 
the western end, furnishing now four faces for work. Believing as I 
do tiiat a central shaft is indispensable, I assume, of course, that 
it will be constructed. As soon as it is completed, the long portion 
of the tunnel between the eastern entrance and the western shafts 
which is the portion which will determine the length of time requii^ 
to complete the work, — because the westerly 8,000 feet can be fin« 
ished long before the remainder, — will also have four faces for work. 
This, of course, affects the relative advantage of the use of machinery 
compared with hand labor, because the greater rapidity of advanee 
can only be availed of at two oitt of the four faces, the machines nbt 
being adapted to work from the shafts. Moreover, the western por* 
tion of the tunnel, 8,000 feet in length, from the loose character of the 
soil and rock there encountered, would not at ihrst, perhaps not at all, 
admit of the successful use of machines, — the greatest efficiency of 
which is against firm, hard rock. In all probability, that whole por- 
tion, differing much from the rest of the tunnel, would have to be 
completed by hand labor, partly from the western entrance, and partly 
from the western shaft. At a rate of progress of 60 feet per month 
at a face, this would take two years and one month, and during the 
same period work would also have progressed eastwardly at the same 
rate from the same shaft, a distance of 1,500 feet. The first applica- 
tion of the machines at the westerly end of the tunnel would there- 
fore be more than two years from the time when the work would be 
resumed, and after a progress of 4,500 feet from the westerly entrance 
had been effected by hand labor. 

The face of the rock at the eastern end of the tunnel, now opened 
for a distance of 2,800 feet, is in excellent condition for the immedi- 
ate application of the machines. But to procure the machines from 
Europe, through the agency of Mr. Sommeiller or otherwise, to pre- 
pare power to run them, either by the erection of steam engines, at 
by building a dam across Deerfield River in order to create a sufficient 
water power, to lay the pipes, erect the necessary buildings, and to do 
all that is required to put the machines in operation, would probably 
require at the very least one year. It might consume considerably 
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more time than this. We may then assume that the first application 
of the machines at the easterly end of the tunnel would be one year 
or more after resuming operations, during which time the opening 
£nom the easterly end would have progressed at the rate of 60 feet per 
month, or 720 feet, and would therefore have reached a distance of 
3,020 feet from the eastern entrance. 

« ■ 

As regards the central shaft, 775 feet deep, I think it could be com- 
pleted in three years, but I do not think it would be safe to count 
upon less time than this. 

- If the foregoing estimate of progress is correct, we should tbere- 
(ore find ourselves, at the end of three years from the time work is 
r^umed, in the following situation : — 

Progress from the Western end : 

25 months of hand labor, 4,500 feet. 

11 months of machine labor, 120 feet per month, 1,320 

5,820 feet. 

Progress from the Eastern end : 
At close of one year of hand labor, .... 3,020 
2 years' machine labor, 120 feet per month, . . 2,880 

5,900 



Completed, 11,720 feet. 

Leaving to be completed out of the whole length of ^ 

24,100 feet, ] 12,380 feet. 

24,100 

These 12,380 feet could now be completed from four faces, at the 
rate of 360 feet per month ; tEat is, 240 feet from two end faces with 
machines, and 120 feet from two shaft faces with hand labor, and 
would therefore require 34 J- months, or 2 years 10 J months. This, 
with the three years previously occupied, would make 5 years 10^ 
months. To this add the loss of time, unavoidable in making the 
change from one system of work to the other at the end faces, and 
the time required would be, at the very least, 6 years of actual work. 

If hand labor alone should be used, we should have at the end of 
three years, when the central shaft is completed, — 

Progress from the Western end : 

25 months of hand labor, 4,500 feet. 

11 months of hand labor at 60 feet per month, . 660 

5,160 feet. 
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Progress from the Eastern end : 
At close of one year of hand labor, «... 3,020 feet. 
2 years more of hand labor, at 60 feet per month, 1,440 

-^^ 4,460 IM. 

Completed, 9,620 feet. 

Leaving to be completed, 14,480 



24,100 feet. 

There would thus remain 14,480 feet to be completed from ieur 
faces, at the rate, therefore, of foiar times 60, or 240 feet per mondi. 
This would require 60 months, or 5 years, making in all 8 years from 
the time of resuming operations. 

This would show a saving in time of only two years, possibly less, 
by the use of the Mont Cenis machinery instead of hand labor. 

Is this a sufficient object to warrant its adoption in this case ? I 
feel perfectly sure that the machines, as used thus far at Mont Cenis» 
have increased, rather than diminished the first cost of the work, even 
independently of the very large sums required to set them in operation. 
The saving which they effect is a saving in time, not in expense. At 
Mont Cenis the enormous and costly apparatus required for ventilation 
admits, end perhaps si^gested, their use. At the Hoosac, such appa- 
ratus is unnecessary. At Mont Cenis, no shaft is possible to expedite 
construction. At the Hoosac, it is not only possible, but it is neces- 
sary for other purposes, and when completed it doubles our monthly 
progress, as the machines have doubled theirs. The power actually 
used even now at Bardonneche, I judge from Mr. Carbillet's account, 
to be about 120 horses, and the engineers have both there and at Mo- 
dane, a power at their disposal equivalent to 600 or 800 horses. For 
our case, we should probably have to construct a dam across Deerfield 
Kiver, and erect steam engines at the western entrance, to furnish the 
necessary power to compress the air. Both would be expensive to 
erect and to maintain. Much, therefore, as I admire the ingenuity 
and skill which have been displayed in the introduction and successful 
use of these machines at Mont Cenis, I am led to the opinion that 
though not only expedient but almost necessary there, they are unnec- 
essary and inexpedient for us. What the inventive genius of man 
may hereafter produce, we cannot tell, but in a sober, practical esti- 
mate, to be acted upon now, the experience of {he past is a safer guide 
than the hqpes of the future. With these machines m their .present 
state, the g^-eat expenditure which they have thus far required for their 
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first establisliinent, the increased cost of tiie work they perform, and 
^e liimted gain in point of time which they would procure to us, dis« 
suade me from recommending their adoption here. 

if y conclusion, therefore, is diat as far -as we can now foresee, the 
tunnel must be completed by hand labor. 

I have given 8 years as the time of actual Icthar required. But in 
every sudi work there are contingencies and interruptions which make 
&e whole time consumed much more than the time of actual labor, 
and I do not hesitate to say that the least time required lor its com- 
pletion will be 10 years, and that it may reach 12. Between these 
two limits it wQl probably fall. 

Third. The probable cost of the work is a question of greater nn- 
eertainty than either of the two preceding. 

The (original estimate for the tunnel, with a section sufiEicient for a 
double track, 22 feet wide at bottom, 24 het wide at the spring of the 
arch, and 20^ feet high, was $1,948,557, or $81 per foot in lengUi. 
In ^s estims^ very small provision seems to have been made for 
masonry for :the sides and arches, much less than the experience de- 
rived from tunnels constructed in Europe would indicate to be gen- 
erally necessary. It has there been found l^at even in hard rock the 
seams which are met with often render it unsafe to leave the ceiling 
vasn^pfiorted frnr any gretat length of time. The rock at the eastern 
mid .of die tunnel, now enteied ibr a length of 2,300 feet, is free fccon 
this objection, ^uui appears remarkably favorable. Thus far it has 
stood ^ell, and there are no signs of its being insufficient to remain 
6nn without artificifiQ protection. At the western end, however, it is 
quite ^e reverse, and it Is already evident that much greater difficulty 
a2id expense will there be encountered, and that there will be a neces- 
sity for substantial ardiing. 

Th;^ cost of excavating the portion already opened at the eastern 
end, which ihm far has a section not much more l^an half as large as 
that whidi I have -considered necessary, indeed, less than half, where 
the excavation must be made of suffi.cient size to receive a lining of 
Btasonry, is stated by the late engineer and contractors (House Doc. 
325, p. 28, 1862) to have been about $50 per foot in length ; and the 
work commenced at the western end is also there stated to have cost 
more than double this. The cost of European tunnels, as I have 
shown, varies exceedingly, and in some instances which I have men- 
tioned has been enormoius. Yet it should be noticed that this enor- 
mous cost is not for purposes of architectural display or embellishment, 
as might be the case in works of a different character, but is the inev- 
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ilbable and often unforeseen result of dif&culties actually encountered 
there, as they may be encountered here, and which it was absolutely 
necessary to overcome, or abandon the enterprise. The cost of labor 
and machinery in Europe is at least as low as in this country, nor is 
there any lack of ingenuity and skill in applying them. We cannot, 
therefore, assume that in the construction of a tunnel we can adapt 
ourselves to our more limited means by contenting ourselves with a 
less costly article. The work must be, completed, secure, and of suffi- 
cient dimensions. Nothing more is required there, and. nothing less 
wiU answer here. ^ 

Taking into consideration the cost already incurred for the small 
section, the enlarged size which I have assumed to be necessary, the 
difficulty and expense already appearing at the western end, the man- 
ifest necessity of arches and side walls in that portion of the tunnel, 
and the great probability that they may be required to some extent in 
other portions, I should be imwilling to estimate the cost of the tunnel^ 
complete, at any thing less than $125 per foot, or $3,000,000 ; and I 
think it more likely to exceed than to fall short of this estimate. 
Such work is extremely uncertain, and all estimates upon it are unsat- 
is&ctory. They are to be made with great diffidence, for experienoe 
has shown how many contingencies there are to sweU the cost. But 
this I think may be safely said, that if the advantages to be derived 
&om the tunnel are not an equivalent for an expenditure of $3,000,000 
thereon, exclusive of interest, it is not worth while to pursue the 
undertaking. 

Whether the very great advantages to the industry and commerce 
of the whole State anticipated from the opening of this new avenue 
to the great West, with diminished distance and diminished grades^ 
and the great incidental benefits it would confer upon the active and 
enterprising population of the northern coimties of Massachusetts, — 
advantages direct and incidental, which have often and forcibly been pre- 
sented to public attention, — are sufficient to warrant the construction 
of a work of the character I have supJ)osed necessary for the purpose, 
at such an expense of time and money, is a matter which it is not 
for me to discuss, but remains for the consideration of the Commis- 
sioners. 

I am, gentlemen, very respectfully. 

Your obedient servant, 

CHAS. S. STORROW. 
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REPORT ON THE HOOSAC TUNNEL. 



BY BENJ. H. LATBOBE. 



BA£¥ixt(»», Oete^r 1, 1862. 

To Messrs, Bbooks^ FmSTesF, and HoitXBS, G&miMMoMrs c^amted 
under the Act of, the Legtslatwre of th» CommenweaUk of Mils' 
sacht^etts, approved April 28, 1862, in relation to the Troy db 
€he9nfidd BatU/road^ and Hoosac TummtL 

Gentlbmbk : At your request I haye waLtod tiie Hoosfte Tunnel 
up<»t the Hae of l^e l^oy dc Qieeafieid BaUiNiad, and have Boiads 
such an examioatioa of the work as eaaUea me to ofiCer tibe Ic^owing 
remarks in regard to it. 

My visit was paid upon the 13th <^ August last, in company with 
James Laurie, Esq., civil engineer, appointed by you to examine and 
report upon the entire line of the road firom Cbreenfield to North 
Adams. My observations w^e, by previous understanding, confizied 
to the tunnel, to whidi I will therefore restrict my remarks, touching 
in turn upon the sev^al questions which present themsdves in con- 
nection with this particular work. 

Upon my first view of this truly great undertaking, I said to n^yseli^ 
Here is, indeed, a tunnel through the hody of a mountain. All tunnels 
heretofore executed have been through apwrs or cre^ of mountains, 
the latter reached by long and winding developments ; but the road, 
of which this tunnel is a part, advances undauntedly to the very foot 
of the lofty range which towers above it, and pierces it with one bold 
thrust &om base to base. The Hoosac Tunnel is indeed the great 
and peculiar featv/re of the Troy & Greenfield road, and upon its 
practicability depends the motive to complete that road, whidi» with- 
out the direct through connection upon the line of low gradients which 
this tunnel would afford, would be a local line of little utility, except 
to the inhabitants of the Hoosac and Deerfield valleys. These fertile 
and populous valleys, indeed, require railway communication with their 

respective outlets upon the Hudson and Connecticut Bivers, and their 
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trade and travel may ultimately pay interest on the cost of such roads, 
one of which, in the Hoosac valley, is already ii\ successful operation 
to the beautiful and opulent village of North Adams, whose thriving 
manufacturing establishments, together with the magnificent scenery 
of its vicinity, offer many attractions to the traveller. 

My professional views upon the subject of the Tunnel I submit 
under the^ollowing heads : — 

I. The Practicability of the Tunnel. 

II. The Dimensions which should be given to it. 

III. The best Manner of prosecuting the Work. 

IV. The probable Time required to complete it. 
V. The probable Cost of it when completed. 

I. The firsft of these questions might be disposed of at once by' the 
remark, that any work, of whatever magnitude, must be pronounced 
preusticahle^ if the means for its accomplishment are within the reach 
of human power. The practicability of this work does not, however, 
present itself in this abstract form, for what has been ab*eady effected 
towards its execution, and that of other works of the same kind, is a 
sufficient earnest that its completion is but a question of time and 
money. 

II. The Difmensions which 'should he given to the Tunnel, — Upon 
this point I have had no difficulty in reaching a conclusion, founded 
upon reasons which appear to me to override all minor differences of 
opinion. The single consideration that in a tunnel of such Kngth 
derangements of the machinery of trains must, now and then, occur, 
and that with width enough for one track only, there would not be 
room enough on either side to operate in the necessary repairs, should, 
I think, of itself settle the question. The effect also upon a train of 
passengers, arrested for any length of time in a close vault, miles in 
length, through a lofty mountain, with insufficient space to permit 
them to escape from their place of Confinement, should that become 
necessary, would have a fatal effect upon the character of the road as 
a passenger line. 

The difficulties and dangers of conducting track repairs would also 
be imperfectly provided against by widening the work at intervals 
only. The considerations connected with ventilation are, however, of 
still more importance, and I feel well satisfied that a single track sec- 
tion would not here be admissible. Without following the learned 
Dr. Lardner in his computations of the weight and bulk of the gases 
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gODorated by the cosd ov coke required to carry a train through a tunnel 
of! this length (see Breeze's Bailway Glossary, p. 194), I -mil simply 
state, as the experience of the railroads within my knowledge, that in 
the longer tunnels, mch as the ** Kingwood," on the Baltimore & 
Ohio Eailroad, inconvenience is at times felt from the smoke of trains, 
when following each other in quick succession, as in ** convoys " of 
freight trains ascending the grade through the tunnel. This tunnel is 
4,100 feet in length, and of double track section, with three ventilat- 
ing shafts, about 1 ,200 feet apart. The engines bum bituminous coal, 
and, except in very calm, damp weather, the smoke and steam inva- 
riably occupy the upper part of the vault, leaving three or four feet 
above the rails almost free. The inconvenience would be greater, did 
not the train men manage their fires so as to have them as clear as 
possible on arriving at -the tunnel. Nevertheless, it is necessary to 
stir the fuel, and even to throw in fresh, in passing through this tun- 
nel, less than a mile long. In one of six times the length, the fire 
would require to be fii^quently handled, as the time of passage at 15 
miles per hour would be 18 minutes, and the consumption of coal 225 
pounds, at but 50 pounds per mile. The Kingwood Tunnel affords a 
fair example upon this subject, as it is one of the longest as yet in the 
United States, upon a road passing much heavy freight, with engines 
burning coal, which must become the universal fuel of our locomo- 
tives. The coal used on the Baltimore & Ohio Railroad is chiefly 
from t^e Cumberland field, and remarkably free from smoke. Anthra- 
cite makes less smoke, but a more offensive and deleterious gas, and 
the same is true of coke. 

The cases quoted to show an entire absence of inconvenience from 
smoke and gas in European tunnels, seem to have been those of pas- 
senger trains at high speed, and with small consumption of fuel during 
the transit, and with probable arrangements of other trains, so as to 
avoid this annoyance as much as possible. These tunnels, such as the 
Manchester & Sheffield, of 3 miles (which has 5 shafts), the Mar- 
seilles, of 2f miles, and the Blaisy, of 2^ miles, were all of sections 
as large at least as the Kingwood. The smoke and gas affected, at 
times, the workmen engaged in arching the Kingwood and Board tree 
Tunnels, on the Baltimore & Ohio Railroad, so as to make it expedi- 
ent, in connection with other interruptions to the work, to resume the 
use of the temporary tracks over the top of the ridges through which 
the tunnels were driven, until the arching was completed. 

For the reasons above stated, I am clearly of opinion that it would, 
to say the least, be extremely hazardous to the success of the Hoosac 
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Tunaely to cuary thhw^ ih» cofttteetod diniCTsinift giTen to the pot 
of it already driven at ite eaileni end, and tiie ineonvettknoes attmd- 
ant upon which, would bie move and mere ieriouely ^t in the preseeu* 
tion of the work its^ as it advaneed, asnd as its length grew moce out 
of propcfftion to its breadth and height. 

I would recommend^ thet^at^ that this part of the section be en- 
larged to not less than 22 feet betwe«a the cddes, with a height of 31 
feet, if the roof be formed in a semicircle ; or the onginal form in* 
tended for the section may be re-adopted, hamg a width of 22 feet 
at bottom, and of 24 leet at a height of 9^ feet, and crowned with a 
semicircular arch, making the whole height 20^ feet ; or, if the, side 
walls be carried up higher, the crown may be flattened to 19 feet in 
height, with a roof of ell^tic shape, if the material would bear it 
(which I thought probable), but, in every event, so as to preserve the 
same sectional area, of not less than 46 square yards. These dimen* 
sions suppose the rock to stand permanently witheut arching (oi 
which there seems little doubt), and represent the interior lines of 
any vaulted support it might be neeessary to give. ' 

If the tunnel be thus made wide easiough fbr two tracks, from thor 
necessity of so doing for ventilation^ space for repairs, and fc»r the 
safety and comfort of passengers in case of detentions in the tumael, 
it must be apparent that the other advantage* of a double raikv^ 
throughout the passage will greatly facilitate the movement c^ traka«; 
and even if, in order to avoid the smoke of two trains at onee, thi» 
advantage should not be fully availed o£^ yet the seocmd brack will be 
found of great use in the distribution of materiAla for repairs, and in 
passing around deteined trains, idueh would otherwise wholly block 
up the tunnel. If, howev^, the meeting of trains in the tuanel bo 
properly managed, there would be little or no incoiivenience feU in 
having two in the tuimel at once, as, if they pass each other, as they 
should, on the summit level, the evolution of smoke from the train 
going down the grade would but slightly increase that already dis* 
charged by the ascending train. I attech much importance to ^ 
increased facilities for track repairs in the wider tunnel, as the con- 
dition of the rails in a tunnel, and especially one so long as the Hoo- 
sac, is of the £b:st consequence, both as a guard against accidents and 
a help to traction, which the damp stete of the rails always reduces ia 
tonnels very considerably. 

It may be said that if, to save present expenditure, the tunnel be 
graded fnr one track, it can afterwards be widened for two. Thia, I 
should consider next to impracticable in so long a tunnel as this. 
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Tunnels have indeed been widened, as upon the Philadelphia &> Read* 
ing and the Lancaster dz; Harrisburg Railroads, but those tunnels 
were short (the longest 1,900 feet, with 3 shafts), and already wide 
enough for two tracks, although more width was desirable to accom- 
modate increased width of cars and engines and secure safety to work- 
men. The transit of trains was maintained through the tunnels on 
the Reading road by great system, and the use of galvanic batteries 
for blasting. On the Lancaster road, however, the trains took the 
alternative route through Columbia while the enlargement of the tun- 
nel was going on. Inasmuch, then, as the widening of the Hoosac 
Tunnel, after being brought into use, would be attended with almost 
insuperable difficulties, it should be made of the proper width in the 
outset. 

IIL The best Manner of prosecuting the Work. — In a work of such 
magnitude, it is manifest that every measure, not inconsistent with 
the objects it is intended to accomplish, should be resorted to for 
hastening its completion and reducing its c6st. My examination of 
the ground at both ends of the tunnel and across the intermediate 
mountain, led me to the following conclusions as to the mode in 
which the work should be caflded on "when resumed : — 

1. Assuming that no change for the better can be made in the 
adjustment of the tunnel, which' seems to have been established with 
great care, I would suggest a modification of the grade, as showi\ on 
the profile. Thus, the grotind at the west end is obviously so unfa- 
vorable for tunnelling, that the road bed should be raised thereat as 
much as practicable, without breaking up the system of gradients 
upon which, with a view to the utmost economy of working the road, 
it has been located from Troy to Greenfield. We were informed by 
Mr. Field, a professional gentleman connected with the work before 
its suspension, and who gave us his company and much useful infor- 
mation during our examinations, that the maximum rise eastward 
through the Hoosac valley, from Troy to North Adams, was 39^ 
feet per mile. The level at North Adams station cannot be materi- 
ally changed without injury to the connection at that important point ; 
and if the ruling grade just mentioned be adhered to, an additional 
height, not exceeding 25 feet, can be attained at the west end of the 
tunnel, by increasing to the maximum the existing grade from North 
Adams to that point. It may, indeed, be questioned whether an 
increase beyond that maximum, say to as much as 52^^^ feet per mile, 
would not be advisable for the mile and a half between North Adams 
and the timnel, in order to raise the road bed still higher at the latter 
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place. This woiild require the use of as9i8tant power to take to the: 
tunnel the trains arriving at North Adams from the west) and this 
might perhaps he famished) without material expense, hy the engine 
which would he kept to arrange trains at that important station. 1 
will, however, assume the grade at the west portal of the tunnel to he 
raised but 25 feet, which will aiSbrd great relief, by lifting the road bed 
out of material of the worst character for tunnelling, as the experience 
gained^ driving 550 feet through it has shown. This portion of the 
tunnel, which has broken in from the surface in part, should, in any 
event, be converted into an open cutting, and the new portal be placed at 
its eastern end. It is much to be regretted that the western portal 
could not be placed still farther east ; but that would require an inad- 
missible depth of approach cutting, and the troubles of tunnelling 
through the disturbed strata, mixed with ^clay and boulders, which 
extend for about half a mile up to where the steep slope of the moun* 
tain begins, which, must be encountered. At the shaft, which, has been 
sunk about 3,550 feet from the west portal as first fixed, the stratifica- 
tion seems to have assumed a more regular formation and dip, which 
may extend farther west than the superficial form of the ground would 
indicate. This will be ascertained when, drifting westward from the 
shaft is resumed, and the point up to which the rock will sustain itself 
without arching is determined. Masonry, to support a good part of 
the roof from the west portal towards the shaft will probably be 
required, but as in this case the excavation will be jyroportiaDably 
easier, I have not, in the estimates of cost hereafter submitted, made 
any special allowance for lining the excavation. 

I would not advise that the projected grade of 26^ feet per mile 
within the tunnel, west of the summit, be increase. The gain of 25 
feet more elevation will be sufficient, and the bottom part of the shaft 
thus cut off will be valuable as a sump, or well, foir receiving the 
w^ater during the intervals of pumping. I would, however, change 
the grade of 26-^ feet to one of 39^ feet per mile, east of the sum- 
mit, in the tunnel. The heavier grade being in favor of the heavier 
trade, would be free from objection, and by employing, it we should 
bring the new and old grades together at the eastern portal of the tun- 
nel, as shown in the profile which I herewith append as a part of this 
report. The change through the already excavated part of the tunnel 
would raise the grade but about 6 feet at the west e^ of the excava- 
tion, and this, coupled with the proposed increase in height and width, 
would occasion but little, loss in the work done heretofore. The new 
grades through the tunnel would then stand thus, very nearly : — 
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Feet. 
Ascending eastward from west portal at 26^ feet per mile, 10,868 

Level. on the summit, . . . , 2,000 

Descending eastward to east portal at Z^^^ feet per mile, . 10,682 , 

Total length of tunnel reduced 550 feet at west end, . . . 23,550 
The original length being 24,100 feet, as reported. 

By this elevatioa of the summit level 25 feet, the shafts, of which . 
I will presentlv speak, will be that much shortened, the length of 
level will reipclin unchanged, as also the grade west of it, while that 
east of it icill be increased as stated. The road height at the level 
might, indeed, be kept as before, and the level extended each way to 
meet the grades on each side of it ; but any lengthening of the sum- 
mit's level would seriously impair its drainage ;*and if the grades were 
fattened so as to meet it at its original terminations, they would not 
carry off the water so freely. For these reasons I prefer the new 
arrangement which I have proposed. 

2. I suggest that two shafts be sunk in the valley between the 
mountain summits, aboiit J of a mile apart in horizontal distance, 
measured on the grade of the road. The eastern shaft, numbered 3, 
would be 750 feet deep from the surface of the ground to the floor of 
the tunnel, and the more westerly one, numbered 2, would be 1,050 
feet in depth: A small decrease in the depth of the latter might be 
had by inclining it slightly eastward from the perpendicular, but the 
advantage gained would not probably be sufficient to induce a depart- 
ure from the usual vertical position. These shafts I consider essential 
for the threefold purpose of expediting the work, insuring its correct 
alignment, arid for better ventilation. The single shaft originally pro- 
posed would promote these objects, but much less fully, and the two 
can be completed as soon as the one, with allowance for the greater 
depth of the western one. I will not say more of the shafts under 
this head, as their advantages as well as their dimensions and cost 
will be noticed again. 

rV. The prohdhle Time required to complete the Tunnel, — There is 
much room for difference of opinion and for speculative discussion 
under this head. I propose, therefore, to present in brief an estimate, 
founded, as far as practicable, upon the" experience of works already 
executed, and apply it to the suggested mode of conducting the one 
under considetation. Ova safest guide in this inquiry is naturally the 
work done at this very tunnel. Numerous are the examples of other 
tuimels, long and short, wet and dry, hard rock and soft rock, needing 
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arching or timbering as they went on, or not needing it ; but compari- 
sons between works dissimilar in mo«t of their features would mislead 
us. We wiU first, then, see what has been actually effected at the Hoo- 
>sac, and afterwards, by considering what has been accomplished at 
other works most nearly resembling it, we may judge to what extent 
the results already obtained may be realized in an improved degree 
by improved modes of operation. 

It. seems, then, that in the 13 months, from September 1, 1858, 
to October 1, 1859, the eastern section of the Hopsac Tunnel 
advanced in the hands of the contractors at the average rate of 39 
feet, linear, per month; that in the next 6 months, to Apii|. 1, 1860, 
the progress was 35 feet per month, and that from thence during the 
succeeding 9 months, to July 1, 1861, it averaged 56 feet per month. 
We see here a progress^ somewhat irregular, yet, on the whole, shayv- 
ing a considerable improvement in speed ; the falling off during the 
6 intermediate months being due, perhaps, to some disturbance in the 
contractors' arrangements, which appear to have been of occasional 
occurrence during the progress of the work. The increase in rapidity 
of advance between the first and third periods is very marked, and 
promised well for the subsequent progress, had the work been contin- 
ued. As the distance from the portal extended, however, the difficul- 
ties of transportation and ventilation would of necessity increase, and 
the question would arise whether they would be balanced by the 
improved skill and experience which would be brought to its manage- 
ment. We remark here, that the suggested enlargement of the section 
of the tunnel should not make its progress slower, as the larger space 
and increased force would fully compensate for the increased material 
to be move^, and the widening of the present narrow section can be 
effected without additional delay. 

The nature of the rock and the quantity of water to be encountered 
in the more central parts of the tunnel, are the two most doubtful ele- 
ments of progress and expense. The excavation of 2,300 feet at the 
east, and the shaft of 300 feet near the west end, disclose very similar 
material, — a mica and talcose slate, with disseminated quartz, in veins 
and lumps of irregular size and form. The surface outcrop over the 
line of the work appeared to show the same sort of rock, as far as we 
could judge at the time. Mr. Laurie, I learn, is making more minute 
examinations between the two mountain summits, where the rock was 
too well covered to be seen. The dip of the strata is very high, 
steeper on the esatem than the western slope, and in opposite direc- 
tions, the ledges leaning towards each other. The mountain I should 
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judge to be but one range, although with two distinct summits, and 
an intermediate basin or trough scooped out by the denuding action 
of water. This basin is now drained by two brooks, which unite near 
the line of the tunneL We could not ascertain whether the stratifi- 
cation conformed in any degree with the concavity in the crest of the 
mountain. My impression was that it did not, but that the eastward 
dip on the eastern slope towards the Deerfield River changes upon an 
anticlinal axis, somewhere in the intermediate hollow, to the westward 
dip, which is manifest on the westward slope towards the Hoosac River. 
I notice that the eminent geologist. President Hitchcock, regards the 
Hoosac range as not having been " lifted up by granite or any of the 
igneous rocks pushing upwards from underneath, but crowded 
together from the sides or edges, so as to cause a folding together of 
the strata." Higher authority could not be adduced upon such a sub- 
ject, and we must assume it to be correct until disproved by the 
future development of facts. The opposite direction of the dip on 
the two slopes is not conclusive evidence of upheaval ; and even were 
it so, the granite, or other igneous rock, may not have thrust itself as 
high up as the proposed level of the tunnel. President Hitchcock's 
observations upon a section of the same range farthier north, would 
show that mica slate composes the entire body of the mountain, with- 
out intrusive veins or dikes of trap or other rock of that class. 

I am disposed, therefore, in estimating time and cost, to treat the 
rock still to be perforated by the tunnel and shafts as resembling that 
abeady excavated. Should it turn out to be, in part, more difficult, 
that will be an incident to works of this character and extent which 
it would be wise to consider of possible occurrence, but the apprehen- 
sion of which should not deter us from entering upon an enterprise 
destined to accomplish such important results. 

So much for the probable character of the rock. As to the flow of 
water to be met with, it is, as President Hitchcock observes, very 
difficult indeed to risk a prediction. The nearly vertical position of the 
strata would seem to favor the percolation of ^^ater downward from 
the trough between the summits ; biit water finds its way, perhaps, as 
often through cleavage, seams, and fissures in rocks as along their beds. 
The amount of water in the shaft already sunk was, I believe, not 
excessive while the work was going on, although we found it full of 
the accumulations of a year and more. The stream issuing from the 
eastern drift of the tunnel was of less volume than I should have 
expected, and would require a large increase to seriously embarrass 
the working. But without speculating farther upon these points, I 
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will offer an estin^ate of the time it should probably take to complete 
the tunnel, explained by the appended profile, showing the manner in 
which I would propose to conduct its workings, with a view to the 
utmost expedition. 

It will be seen from the profile, that the two additional shafts over 
the central part of the tunnel, which I propose under a previous head, 
would, according to the estimated progress of the different workings, 
bring them together about the same time. The depths of the shafts, 
as marked, may not be exact, as my only means of measurement axe 
derived from the profile annexed to the published report of Mr. D. L. 
Harris to the Committee of the Massachusetts legislature, which, I 
presume, cannot be far wrong. The profile which I have constructed 
.from that of Mr. Harris, and which I append as a part of my present 
report, fully explains the mode of operation I propose. 

I estimate that from the open ends of the tunnel the average prog- 
ress per month will be 50 feet, or 600 feet per annum, while the shaft 
workings will make but two thirds of this, or 33^ feet per month, or 
400 feet per annum. This, I find, was the proportion between the 
two kinds of working in the Kingwood Tunnel, upon the Baltimore & 
Ohio Railroad, during a period of 31 months, the time occupied in 
excavating that tunnel. Mr. Harris, I notice, allows better rates for 
both portals and shaft workings, and I think he may be right. If so, 
the more rapid advance. in the tunnel will compensate for any failure 
to attain the speed .1 have assumed for the sinking of the i^afts, for 
which I have allowed four years as an average for the two, or 209 feet 
per annum, or f of a foot per day, or ^ more than allowed by Mr. 
Harris. 

I think my estimate for the shafts is a safe one. The shaft already 
sunk near the west end of the tunnel made a speed of about 7^ 
inches per day ; and although the central shafts will ]>e from 2j- to 3 
times as deep, yet with the experience to be acquired, and the perfect 
machinery to be employed for drainage, ventilation, and elevation of 
material, there can be no reasonable doubt that the work can be done 
even more rapidly. The shafts of the Kingwood Tunnel were sunk at 
the average rate of 25 feet per month, or nearly 1 foot per day, 
through sandstone and slate, and the last month's work at the bottom 
averaged 47 feet per month, through compact argillaceous rock, or 
nearly 2 feet per day at a depth of 160 feet, — the machinery em- 
ployed by the contractors being very imperfect. The shafts of the 
Stump-house Mountain Tunnel, on the Blue Ridge railroad of South 
Carolina, made as much as 15 feet per month through an excessively 



TIME REQUIRED TO COMPLETE THE TUNNEL. 136 

hard granitic rock, full of quartz veins and saturated with water. The 
body of the Kingwood Tunnel was driven 92 feet per month j6:om the 
portals, and 62 feet per month from the shafts, through very compact 
slate rock, with occasional sUicions beds. 

If it be, then, admitted that the shafts can be made to reach the 
grade in four years, as estimated, and that a progress of 50 feet per 
month from the ends, and 33^ feet from the shafts, can be effected, the 
tunnel can be completed in 9J years from its resumption. 

In these estimates I assume the common mode of working by hand 
drills. The novel and ingenious machinery for driving the tunnel, 
either by an annular groove cut around the circumference or a cylin- 
drical bore in the centre of the section, I could entertain no confi- 
dence in, from their first suggestion as they require the machines to 
do too much and the powder too little of the work, thus contradicting 
the fundamental principles upon which all labor-saving machinery is 
framed. My examination of the machine intended to make the cen- 
tral bore of 8 feet diameter, which still remains at the western end 
of the tunnel, only confirmed my conviction that such machinery had 
the elements of failure in its structure and mode of operation, to say 
nothing of its economy. The larger machine, designed to cut the an- 
nular groove of 24 feet diameter, which had beeA in operation at the 
east end, had been removed, so that I could not examine its manner 
of working ; but I could not doubt, from the specimen of its perform- 
ance at that place, that it could be " made to go," — for a certain time. 
I could only look upon it, as upon the other, as a misapplication of 
mechanical genius. 

On a proper system of drilling the ordinary blast hole by suitable 
machinery, I should place much more reliance ; and as this mode of 
applying mechanical power to that purpose, through the medium of 
compressed air, appears to have been established successfully in the 
great tunnel at Mont Cenis, I have no question it will be used at the 
Hoosac Tunnel, with such improvements as American ingenuity is apt 
to make upon European invention. Should this be the case, the work 
in the body of the tunnel will be greatly expedited, and the time 
required to open it be materially shortened. The present rate of pro- 
gress at Mont Cenis was reported in the London Mechanics' Maga- 
zine, of September, 1861, to be 1 metre (3 J feet) per day at each 
heading, in a very similar rock to that of the Hoosac. Fifty per cent, 
increase on this rate was expected to be made by farther improve- 
ments in the machinery, but I am not informed whether this has 
been realized. If but -thr^e feet per day, or say 80 feet per month, 
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can be made in the Hoosac, then the drifts from the eastern portal 
can be advanced so as at the end or 8f years, within which it is esti- 
mated the eastern shaft will be down to grade, there will be but 3,895 
feet east of that shaft to drive ; and this, at 80 feet per montii from 
the portal and 60 feet for the shaft^ working, would be completed in a 
little over two years (28 months), and the whole time, allowing for 
slower working from the deep shaft, would be reduced to 7 instead of 
9J years. 

This result I look upon as very probable, as it assumes only the 
same rate of speed as that actually attained a year ago at Mont Cenis, 
and which was reasonably expected to be further improved. 

In regard to the use of compressed air to operate machinery at a 
distance from the compressing powers, I would refer to an article in 
the Journal of the Franklin Institute for June, 1857, page 367, con- 
taining a description of such an application in the Govan coal mines, 
Glasgow, Scotland, where an air engine was worked at a distance of 
half a mile from the steam engine used to condense the air, and with 
a loss in the transmission of but one pound in twenty in elastic power. 
The success of the Mont Cenis machinery, however, renders further 
reference to the subject unnecessary ; and I would, in concluding this 
head, only call atte'htion to the happy circumstance connected with 
the use of condensed air, — that its discharge, after performing its 
-work at the heading of the tunnel, supplies the fresh air required 
thereat for respiration and expulsion of the smoke of the blasts, thus 
securing a very fortunate combination of two important objects at the 
expense attendant upon one. 

V. The probable Cost of the Tunnel when completed, — A few state- 
ments under this head will suffice, for if (as is too common in such 
cases) estimates of cost were to be arrived at by striking an average 
between the cost of numerous other tunnels constructed under wholly 
different circumstances, much space might be filled with speculations 
upon irrelevant examples. It will b§ better to see what the part of 
the tunnel already excavated has cost, and apply that to its future 
progress, with suitable allowances. Mr. Harris states that the 2,300 
feet of tunnel at the east end, 14 feet wide and 18 feet high, with a 
section of 8^ square yards, cost about $37^ per linear foot, or 
$4.41 per cubic yard. The cost of the 550 feet driven, as he says, 
*' through a secondary ? (certainly a rrpmh disturbed) formation, differ- 
ing entirely from the material of the mountain proper," he estimates 
to have cost " $100 per linear foot for excavation and propping up," 
to which he adds $40 per foot for arching. But as this part of the 
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tunnel will become an open cutting, should my suggestion for raising 
the grade there be adopted, and as the material between it and the 
western shaft (No. 1) may be different and much less difficult, I will 
not treat it separately from the remainder *of the work. 

Having no meams of accurately ascertaining the cost of the work 
done so far, I will estimate only for what remains to be done to com- 
plete the tunnel, assuming that to occupy 9^ years from ihe date of 
its resumption. 

ESTIMATE. 

1. Widening 2,300 linear feet of tunnel at east end 
from a section of 8^ to one of 15 cubic yards per 

linear foot, 14,950 cubic yards, at $3 per yard, . . $44,850 

2. Sinking two circular shafts of 750 and 1,050 feet 
depth and 20 feet in diameter, 20,997 cubic yards, 

at >20 per yard, 419,940 

3. Excavating 21,250 linear feet of tunnel, containing 
15 cubic yards per foot, near 318,750 cubic yards, at 

$5 per yard, 1,593,750 



$2,058,540 
Add for contingencies and superintendence, 5 per cent., 102,927 



$2,161,467 



Add interest at 6 per cent, on this amount for ^ the 

time allowed for the work (4 J years), 616,018 

Two million seven hundred and seventy-seven thousand 

and four hundred and eighty-five dollars, .... $2,777,485 

K the time can be reduced from 9 j^ to 7 years, which I look upon 
as quite probable, the interest account would be lessened $162,110, 
and the total cost to $2,615,375, or in round numbers, to something 
over two and a half millions of dollars. It may be said that the prices 
assumed are somewhat arbitrary. True, they are ; and although they 
seem to me to be safe, they may prove insufficient should the interior 
of the mountain turn out different from what President Hitchcock sup- 
poses. I am content, however, for the present, to rest upon his au- 
thority ; and should the rock prove no harder than it has shown itself 
thus far, the probabilties of a cheaper working with the machine driUs 
are as great as those of a dearer one from a worse rock. If, at the out- 
set of the work, in a narrow tunnel of 8j- yards section, the cost did not 
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exceed $4yjp}^ per c«bic yards, an addition of upwards of 10 per cent, 
to that price should, in a tunnel of nearly twice that section, com- 
pensate for increase in transportation, drainage, and ventilation. 

The price assumed for the shafts seems to me sufficient for so capa- 
cious an area, which I have supposed of a diameter large enough to 
embrace nearly the whole width of the tunnel, and of a circular form, 
as most easily preserved in sinking them, at the same time allowing 
length enough for accurate adjustment of the line of drift. These shafts 
will not only be valuable for ventilation and alignment but for explora- 
tion of the strata as they descend, so as to prepare in some degree the 
tunnel workings for what they may encounter. Without the shafts, 
the work, at the reported speed at Mont Cenis, say 80 feet per month, 
would require nearly 13 years for its completion. I regard them, 
therefore, as an essential feature of the work ; but I would at the 
same time remark, that if, when the tunnel is resumed, it should, by 
experience at Mont Cenis or elsewhere, be shown that the progress in 
the tunnel can be quickened so as to make a single shaft insure its com- 
pletion in the 6 years I have estimated as the shortest time it may ♦ 
take, then the second shaft might be dispensed with, although I think 
the work would suffer in other ways, more than to the amount of any 
pecuniary saving that might thus be effected. 

CONCLUDING REMARKS. 

I have, as will be seen, dra^vn some of my material from the report 
of Mr. Harris, which, as it was made in official form to a legislative 
committee, and by a party not apparently prepossessed in favor of the 
tunnel project, I have regarded as reliable authority on the points up- 
on which I have referred to it. I had no other means at hand, indeed, 
of obtaining the leading documentary facts — such of the papers in 
the contractors' office at North Adams as were accessible during our 
visit not exhibiting much of the detail of the work. 

I do not feel called upon to discuss the policy of prosecuting this 
great work, which, after the full investigations which have been had 
before the legislative and other bodies, who have considered its merits, 
may, I presume, be regarded as thoroughly established. The only 
questions remaining are those of time and cost, which, of course, have 
their bearing upon the question of prosecution or abandonment. It is 
manifest that if, ev^n in the somewhat distant future, may be discerned 
a prospect of public benefit which would call for the completion of 
the work, there should be as little time as possible lost in resuming it. 
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If the enterprise really possesses the merits claimed for it (which I 
cannot doubt), half a million, or even a million, more or less, should 
not stay its progress ; for, by the time that could be spent, the in- 
creased magnitude of all the public interests depending upon it will 
be fully prepared to meet the outlay. 

As to rivalries with other lines, the experience of our countr}', 
young as it is, has already shown their results to be less injurious than 
previously apprehended, and to be indeed in a great measure imagin- 
ary; the stimulating effect of new lines upon local improvements, 
and the consequent increase of population and production, being lost 
sight of by the proprietors of present routes, which they fear will be 
prostrated by the threatened competition for a share in their through 
business. 

I beg, gentlemen, to submit the preceding remarks, with a proper 
sense of the imperfect manner in which I have been able to treat the 
subject; and, 

With great respect, I am, 

Your obedient servant, 

BENJ. H. LATROBE, 

Civil Engineer, &c. 
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^ REPORT OF JAMES LAURIE, 

oir 

THE TROY & GREENFIELD RAILROAD AND 

HOOSAC TUNNEL 

(Ml) 



REPORT ON THE TROY & GREENFIELD 

RAILROAD. 



BY JAMES LAXJKIE, C. E. 



Hartfokd, Conn., January 10, 1863. 

To J. W. Beooks, Esq., Chairman of the Board of Commissioners 
on the Troy S Greenfield Bailroad, and Hoosac Tunnel, 

Sir : I herewith respectfully submit a Report on the Surveys and 
Examinations made in connection with the Troy & Greenfield Kail- 
road, and Hoosac Tunnel, together with the following maps and 
plans : — 

1. A General Map of the Country froin the Connecticut River to 
the line of the State of New York. 

2. Two Maps, showing the present location of the road from Green- 
field to North Adams, on a scale of 400 feet to an inch, with various 
alterations proposed. 

3. A Profile of the Road, showing the grades and present condition 
of the work, with the amount remaining to be done. 

4. A Map and Profile of the line, surveyed by Deerfield Centre. 

5. A Book containing Cross-Sections, taken at distances 100 feet 
apart. 

6. A Plan of Green River Bridge. 

7. A Plan, exhibiting various sections of Tunnels. And, 

8. A Box, containing a Section of the Hoosac Mountain, showing 

the dip and course of the strata, with specimens of the rock found at 

the sujface. 

Very respectfully, I am, sir. 

Your obedient servant, . 

JAMES LAURIE. 

(143) 
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REPORT. 

The project of tunnelling the Hoosac Mountain is no new or recent 
scheme. As far back as 1825, a Board of Commissioners, with Loami 
Baldmn as engineer, were appointed to ascertain the practicability of 
making a canal from Boston to the Hudson River, in the vicinity of 
the junction of the Erie canal with that river. 

They examined the country by way of Worcester, Springfield, and 
the Westfield River ; and also by Fitchburg, the Miller and Deerfield 
Rivers, making the village of North Adams a point common to both 
routes. In their report, after describing the rugged character of the 
country up the middle and north branches of the Westfield River, the 
increased distance, and the difficulty of obtaining a sufficient quantity 
of water, on the summit levels, to meet the consumption of a canal, 
they state, 'Uhere was no hesitation in deciding in favor of the Deer- 
field and Hoosac River route." (Commissioners' Report, 1826, p. 141.) 

At the Hoosac their examinations were extended both to the north, 
and south of the present line of tunnel, with a view to discover some 
other route by which it might be avoided ; but increased distance and 
lockage, and difficulty of procuring water, induced them to give pref- 
erence to the tunnel. In their report they say, — 

"There is no hesitation, therefore, in deciding in favor of a tunnel; 
but even if its expense should exceed the other mode of passing the 
mountain, a tunnel is preferable, for the reasons which have been as- 
signed. And this formidable barrier once overcome, the remainder of 
the route, from the Connecticut to the Hudson, presents no unusual 
difficulties in the construction of a caikal, but, in fact, the reverse being 
remarkably feasible." 

It was, perhaps, fortunate for Massachusetts that she did not embark 
in this work, as railways, which were shortly afterwards introduced, 
are much better adapted to overcome the obstacles presented by the 
physical character and topographical features of the country traversed. 

The Stockton & Darlington Railway was opened for the convey- 
ance of freight and passengers in 1825, and the Quincy Railroad, for 
the conveyance of stone, in 1827. The success of these works turned 
attention \o a railroad communication with the West ; and, in the year 
1828, surveys were made by James F. Baldwin, Esq., under the direc- 
tion of a Board of Commissioners, of three several routes, viz., by 
Ghreenfield, hy Northampton, and by Springfield. The preference was 
given to the latter. The Commissioners, in their report, remark that: 
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*'It being thus ascertaiaed that the southern route affords the 
greatest facilities for the construction of the road, it was deemed im- 
portant to inquire whether it would afford equal accommodation with 
either of the others to the trade of the intermediate country between 
Boston and Albany. On this point, also, the result was in favor of 
the southern route. Th& population of the towns through which it 
passes, according to the last census, is 73,632, and if we add that of 
the towns west of Middlesex cbunty, within ten miles of the route, 
137,175. The population of the towns which the northern route 
passes through, is 57,526, and if we add that of the towns within ten 
miles of the route, the number is 115,892." , 

The work was not immediately commenced, but Massachusetts 
never lost sight of having a direct and improved means of communi- 
cation with the Hudson River and the West, until it was finally effected 
by the completion of the Western Railroad through to Albany in the 
year 1842. 

Meanwhile charters had been granted for other roads through a 
more northern portion of the State ; the Fitchburg was in process of 
^construction, the Vermont and Massachusetts followed, and their ex- 
tension westward was occasionally brought before the public, until, in 
1848, application having been made to the legislature, a charter was 
granted authorizing the construction of a railroad from the terminus 
of the Vermont & Massachusetts Railroad, at or near Greenfield, 
through the valleys of the Deerfield and Hoosac to the State line, there 
to unite with a railroad leading to the city of Troy. The capital stock 
authorised was $3, 500, GOD, and the road was required to be located 
within two years, and constructed within seven years. 

The location was filed in the clerk's office of Franklin county, No- 
vember 26, 1850, and in Berkshire county, November 29, 1850. But 
no progress was made in the construction of the road, the efforts to 
obtain subscriptions to the stock not proving successful to any great 
amount. 

In 1851, and also in 1853, the company applied for a State loan, 
but were refused. In 1854, however, they were successful.' An act ^ 
being passed (Chap. 226, Acts of 1854), authorizing a loan of the 
State credit " to enable the Troy & Greenfield Railroad Company to 
construct the Hoosac Tunnel." By this act the State loaned its credit ' 
to the amount of $2,000,000 ; conditioned that $600,000 should be 
subscribed to the stock, and 20 per cent, actually paid in ; that 7 
miles of road should be built, and 1,000 feet of tunnel be completed, 
to entitle the Company to $100,000 of scrip ; and, for every additional 
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issue of scrip, required that a further payment should be made on the 
stock, another 1 ,000 feet of tumiel be completed, and certain specified 
lengths of road built ; so that in the end the whole road and tunnel 
would be completed before the last issue of $200,000 of scrip was 
made by the State. 

As security for the repayment of the loan the Company were to 
build the road from their own resources, and give a mortgage to the 
State on the entire road and tunnel, and on the franchise and other 
property of the Company, The estimate upon which the amount of 
the loan was based, was made by the first engineer, A. F, Edwards, 
Esq., and was for a double track tunnel. 

The estimated cost of the tunnel was . . . $1,948,557 00 
And of the road and equipment .... 1,401,443 00 



Total $3,350,000 00 

Notwithstanding this liberality on the part of the State, the Kail- 
road Company found themselves unable to procure the means required 
for the construction of the road, or to obtain the requisite amount of 
valid subscriptions to entitle them to the benefit of the loan. In the* 
following year (1855) the legislature authorized the several towns 
through which the railroad passed to subscribe to the amount of three 
per cent, of their last valuation to the capital stock of the Company ; 
but this failed to be responded to at the time, and in 1857, when an 
act was passed modifying the Loan Act, which, however, was vetoed 
by Governor Gardner, only 520 shares had been subscribed for by 
towns, or about one fifth of the amount authorized by law, and on 
this subscription the town of Adams only had paid to the amount of 
$1,400. (Governor Gardner's Veto Message, May 26, 1857.) The 
uncertainty of the cost of the tunnel, and the lohg time required for 
its completion before any return could be expected, deterred capitalists 
and business men from embarking in the work. 
^ In 1855 a contract was made with E. W. Serrell & Co., under 

which some work was done, and another in January, 1856, for the 
construction of the road and tunnel for the sum of $3,500,000, they 
subscribing to the stock to the amount of $440,000. In the latter 
* contract it was provided that the corporation should, on or before the 
15th day of May, 1856, raise $100,000 of available stock over and 
above what had then already been subscribed, and that the whole 
amount, including the old stock, should not be less than $210,000, in 
available cash subscriptions. 
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About this time the Raikoad Company applied to the legislature 
for a State subscription of $150,000 to the stock, the legislature 
to have the privilege of appointing part of the Board of Directors ; but 
this failed to be granted, and the Company, being unable to procure 
the amount of subscriptions stipulated in their contract with Serrell 
& Co., it became inoperative. 

A new contract was made with H. Haupt <fe Co., July 30, 1856, ^' 
by which the Railroad Company agreed to pay the sum of $3,880,000 
for completing the road and tunnel. Payments to be made in man- 
ner following : — 

$2,000,000 in. the bonds of the State of Massachusetts. 

900,000 in the 6 per cent, mortgage bonds of the Company. 
598,000 in capital stock. 

382,000 in cash, payable in such proportions monthly, as re- 
quired for use on the estimates of the engineer. 

$3,880,000 

H. Haupt & Co. agreed to assume the stock subscriptions of 
E. W. Serrell, and Serrell <& Co., amounting to 5,987 shares, condi- 
tioned that no cash assessment should be laid on the same, but that 
the assessments on the said stock shoidd be paid by the performance 
of the contract " in stock credits." 

The corporation, however, proving unable to comply with the stip- 
ulations as to cash payments, another contract was made between 
the same parties, February 18, 1858, in which, after reciting that, 
** whereas every attempt thus far, to procure new, or collect old 
subscriptions to the capital stock of the Troy dc Greenfield Rail- 
road Company, since the execution of the former contract with H. 
Haupt & Co., have proved unsuccessful, it is agreed that the con- 
tractors shall release the Railroad Company from the cash payments 
required by the former contract, and themselves assume the labor of 
collecting and procuring subscriptions, and of carrying on and com- 
pleting the Troy & Greenfield Railroad, and the Hoosac Tunnel." 
It is also stipulated that, ** H. Haupt &; Co. shall so construct the 
road as not to exceed the gradients in each direction which exist, or 
may hereafter exist, permanently, on other portions of the line between 
Troy and Boston ; and if, in construction of the road, any sharper 
curves should be used than are found in ordinary use on other parts 
of the line, they shall be changed at the expense of the contractors, 
at or before the time of completion of the tunnel ; and if any trestle 
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vrork or temporary bridging should be used in the construction of the 
road, this also shall be changed by and at the cost of the contractors^ 
and replaced by permanent structures, as soon as practicable, after the 
completion and opening of the whole line.'* All former contracts 
between the same parties a^e annulled and cancelled. 
Under this contract, the contractors were to receive 

,000,000 in the bonds of the State of Massachusetts, to be ex- 
clusively appropriated to work done upon the tunnel. 
900,000 in mortgage bonds of the Company. 
1,100,000 in cash, to as great an extent as cash subscriptions can 
be procured, and the remainder in the capital stock 
of the Company. 



$4,000,000 



H. Haupt & Co. were also to be paid such sums in addition as may 
be required for right of way, if this item was paid for by them. But 
no expenditure was required on their part for depot buildings or roll- 
ing stock, as in the previous contract. 

Under the previous contracts, the tunnel had been commenced and 
a portion of the road graded west Df North Adams. Both were now 
vigorously prosecuted, and through the exertions mainly of Mr. 
Haupt, the several towns through which the railroad passes sub- 
scribed to the stock to the full limit authorized by law. These 
subscriptions, however, were mostly conditional that certain portions 
of the work should be completed before the town scrip in payment of 
the stock subscribed should be issued, and were, therefore, only to a 
limited extent immediately available. 

* By means of these subscriptions, assessments on individual stock, 
and advances made by the contractors, the work was prosecuted 
during the season. And the officers of the Company, by certifying 
that 20 per cent had been paid in on 6,000 shares of stock, — using 
for this purpose a portion of the shares of H. Haupt & Co., on which, 
by the contract there were to be no" cash assessments laid, — were 
enabled, October 6, 1858, to draw the first instalment of $100,000 
of State loan. 

In 1859 (Chap. 117, Acts of 1859), an act was passed making 
various modifications in the' Loan Act of 1854, dividing the payments 
on account of the tunnel between "heading" and "completed tun- 
nel ; " also authorizing it to be constructed " of size not less than 
14 feet in width and 18 feet in height from the bottom to the top 
of the excavation." 
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In the following year, the contractors having failed to procure a 
sufficient amount of subscriptions to the stock to enable them to 
prosecute the work on the road to completion, application was made 
to the legislature for a diversion of a portion of the tunnel loan to this 
purpose ; and the legislature (Chap. 202, Acts of 1860) authorized 
$650,000 to be taken out of the *2,000,000 to be applied to the 
road east of the tunnel, the payments to be made monthly, on the 
certificate of the State engineer. 

This Act provides that " such monthly estimates shall be based 
upon a width of road bed at grade of 15 feet on embankments, 17j 
feet in side cuts, and 20 feet in thorough cuts ; " and that " the de- 
liveries of scrip shall be at the rate of $50 for each lineal foot of 
tunnel, divided between heading and fu U-sized tunnel, in the propor- 
tion of $30 for each lineal foot of heading, and $20 per lineal foot 
for the remaining excavation." Also, that " the scrip shall be deliv- 
ered on the road, in the proportion which the value of the work done 
and the materials delivered each month, bears to the estimated cost 
of the whole work and materials required on the portion of road 
aforesaid." 

" No expenditures shall be required merely for the purposes of orna- 
ment, but the work shall be substantially performed, and the rails 
shall weigh not less than 56 pounds to the lineal yard : for any defec- 
tive materials or work, a proportionate amount of scrip shall be with- 
held." 

As the State was now virtually to pay for the whole work, although 
nominally only loaning their credit, it was deemed necessary by the 
legislature to investigate whether the requirements of the several 
Acts had been complied with when previous payments were made. 
And, by Kimball's Report of 1860, and the documents and evidence 
attached thereto, it appears that payments had been obtained from 
the State before the " work required to be done " had been com- 
pleted " in amount and quality, according to the requirements of 
the Acts" (p. 33). This appears to have been accomplished through 
the agents of the State, by their making ambiguous certificates and 
returns to the Governor and Council, suppressing the truth as to the 
length of road and tunnel actually and in fact completed according to 
the requirements of the Act. When, therefore, in July, 1861, it was 
discovered that the greater amoimt of scrip appropriated to the con- 
struction of the road had been already issued, — and there still 
remained a large amount of work to be performed to complete the 
same in a substantial manner, the then State engineer refused to give 
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a certificate for the amount claimed by the contractors, and the work 
was abandoned. 

I consider it unnecessary in this jdace to enter into any discussion, 
of the questions raised between the contractors and State engineer, 
further than to remark that, involving, as did the several laws in aid of 
this project, the payment of large sums by the State, and involving, 
as did the Act of 1860, a supervisory and discretionary power on the 
part of the State engineer to determine the character of the road and 
work, the State was unfortunate in its own appointments ; but as 
the action of its agents was to favor the contractors, the State and 
not the contractors, has suffered. 

Had Haupt & Co. entered into their contract subsequent to the 
appointment of a State engineer, and his approval of the location, 
curvatures, and character of work, the case would have been differ- 
ent; but their contracts had been made years previously, and the 
works were in progress under them, and every change and modifica- 
tion made of the line and character of the work was to reduce the 
cost, and for the benefit of the contractors. 

Mr. Haupt, in his letter of January 31, 1862, addressed to the 
" Chairman and Gentlemen of the Joint Committee," uses the follow- 
ing language : "It is not, and I l5^1ieve never has been, denied 
that the work was constructed in exact conformity to the plans, spe- 
cifications, slopes, and dimensions approved and prescribed by the first 
State engineer and his successor, and was carried out in exact com- 
pliance with their wishes and instructions. Upon the State engineer, 
therefore, upon the agent and oificer of the Stale,. upon the represen- 
tative and protector of its interests, and not upon the contractors or 
the Company, must the responsibility rest, if the work really exhibits 
any want of substantiality." 

He also, on the part of the contractors, states that the suspension 
of the work was due to their reposing " too great confidence in the 
good faith and financial ability of individuals and towns, and of 
the State authorities of Massachusetts." * In making these latter 
statements he evidently forgets that their contract was not with the 
State, but with the Troy & Greenfield Railroad Company, and that 
himself and partners controlled, and were, in fact, the corporation, 
owning more than one half of the whole stock subscribed. 

Looking at the legislation on the subject from the beginning, the 
State has done every thing to forward the completion of the road short 

* Haupt's Letter of July 31, 1862, page 13. 
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of performing the work themselves. The raiboad company and the 
contractors have been imfortunate in promising too much and per- 
forming too little, and perhaps imfortunate in relying more upon 
political management than on the merits of the work for its accom- 
plishment. 

NORTH ADAMS TO STATE LINE. 

The construction of this portion of the road (6 J miles) was com- 
menced by Gilmore & Carpenter, in 1851, under a contract with the 
Troy ds Greenfield Railroad Company, and a large portion of the 
grading done during that and the following year, when they sus- 
pended. Under the contract with Serrell & Co. some progress was 
also made, and the work was finally completed by Haupt & Co. in 
1858. This portion is now leased to the Troy & Boston Railroad 
Company for the sum of $8,000 per annum, the lessees keeping the 
road in repair. 

SOUTHERN VERMONT RAILROAD. 

This road, which forms the connecting link between the Troy & 
Greenfield and Troy & Boston Railroads, is about 6 miles in length, 
through the town of Pownal, Vermont, and was built by H. Haupt &; 
Co. in 1857-8, under a contract with the Southern Vermont Rail- 
road Company, for the sum of $200,000; payable, $150,000 in the 
first mortgage bonds, and $50,000 in the capital stock of the corpo- 
ration. In 1860 the control of the road was secured to the State of 
Massachusetts by the issue of $200,000 of 5 per cent, bonds, and it 
is now operated by the Troy & Boston Railroad Company, under a 
lease from the Southern Vermont Railroad Company, at an annual 
rent of $12,000 a year, the lessees keeping the road in repair and 
making all improvements. 

EXPENDITURES. 

Under the several laws in aid of the Troy & Greenfield Railroad, 
the State has issued scrip and paid interest to the following amounts : 

1858, Oct. 6. Sterling bonds, 5 per cent. £22,500 

1859, Oct. 4. " " " 11,200 

1860, Jan. 3. " " " 11,300 
" Mar. 1. " " '* 6,800 



Carried forward, £51,800 






it 
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Amount brought forward, £51,800 

1860, Oct. 8. Sterling bonds, 5 per cent., 18,000 
" Dec. 12. ** " " 26,500 

1861, Jan. 5. " ** " 7,500 
" Feb. 18. " " " 5,800 
" Mar. 7. " " *' 4,900 

£114,500 8508,888 88 

*' May 8. Federal bonds, .... $85,500 

*' June 27. " " 37,500 

July 10. " " 38,000 

" 11. " " 55,000 

" *' 12. " " 500 

$216,500 00 

1861, Sept. 4. Int. on Sterling bonds, I ^i o 7/)/? 04 

due Oct. 1, 1861, ) 

Oct. Interest on Federal scrip, > 4 '^fi^ oo 

due Oct. 1, 1861, ) ' 

" -Nov. Interest on Federal scrip, ) 25 00 

due Oct. 1, 1861, ) 

1862, March 4. Interest on Sterling ) - ^ . .g g,^ 
bonds, due April 1, 1862, ) ' 

April. Interest on Federal > fi 4'^7 ^io 

bonds, due April 1, 1862, ) ' 

'* Sept. 5. Interest on Sterling ) i « oao 09 

bonds, due Oct. 1, 1862, ) * 

I 5,275 00 

" Nov. 12. Interest on Federal 

scrip, due Oct. 1, 1862, 

$61,652 73 

1860, May 4. Purchase of Southern > 200 000 00 

VermontR.R. Federal bonds, ) 
The State has also appropriated 1 
for settlement of land dam- 1 

ages, and other claims against V 175,000 00 

the Troy dt Greenfield Rail- 
road Co., J 

Making the total advances by State, $1,162,04161 

In addition to the above, the town \ 
subscriptions actually paid amount > $120,500 00 

to ^ 

Carried forward, ^ $1,288,541 61 



(( 



*' Oct. 1. Interest on Federal 
scrip, due Oct. 1, 1862, 
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Amount brought forward, .... $1,288,541 61 

And the cash payments on stock,) 114 954 00 

subscribed by individuals, amount to ) 
Making the total cash expenditure, 

exclusive of contractors' advances, } . . . $1,403,495 61 

if any, amount to, 



J, > . . . 



This brief sketch of the history of the Troy & Greenfield Railroad 
brings us down to the last session of the legislature, at which you 
were appointed a Board of Commissioners, with full power to investi- 
gate the whole subject, and advise what is best for the interests of the 
State ; and, having been appointed by you to make a survey of the 
road and an estimate of the cost of completing the same, I will now 
proceed to give the results of my examinations. 

DESCRIPTION OF THE LINE. 

The Troy & Greenfield Railroad, as at present located and partially 
built, leaves the Vermont & Massadiusetts Raihoad at a point about 
§ of a mile south from the Greenfield depot, and, by a sharp curve to 
the west, crosses Green River by a bridge at a height of 80 feet above 
the water. This bridge is the most important structure on the road, 
and will again be referred to. Having once gained the western bank, 
which is an elevated plain or table lanpl, the line curves gradually to 
the south and pursues the general course of the Deerfield valley, 
crossing three or four ravines 30 to 70 feet in depth, which are either 
bridged or trestled over. No, other serious obstacle is met with until 
we reach the vicinity of Stillwater, a distance of 5 miles from Green- 
field. Here several rock cuttings are encountered, and for 2^ miles 
beyond, the line is mainly along steep and rocky hill sides, and the 
curvatures are sharp and numerous, until we reach Bardwell's Ferry. 
At this place, the bank of the river is quite eteep, and composed of a 
clayey earth, which slides badly. 

Stickney's and Shingle Brooks, which form deep ravines, were pro- 
posed to be bridged or trestled over, most of the material being deliv- 
ered on the ground. 

Three quarters of a mile beyond Bardwell's the road crosses the 
Deerfield River obliquely, the curves at each end of the bridge being 
of 716 feet radius. Hence to Shelburne Falls the line keeps the 
southern bank of the river, — clay, rock, and gravel cuttings alternat- 
ing. Some of the side cuttings in clay are quite formidable, and 
numerous slips have taken place. 

20 
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Through the village of Shelbume Falls there is a curve of 716 feet 
radius. About one mile west of the village a rock excavation of 
1,000 feet in length and 16 feet greatest depth is encountered, cutting 
off a sharp bend of the river ; thence, the line is over favorable ground, 
mostly interval and meadow lands, except for about 2 miles opposite 
East Charlemont, where steep clay hills are met with, to the second 
crossing of the Deerfield River, near the junction of Cold River. 
Thence, the line either occupies the present travelled road, or runs 
parallel with it to Zoar Bridge. Near this, the river makes a deep 
bend to the right around a projecting spur of high land. The origi- 
nal location cut through this spur by a timnel 1,200 feet in length. 
The present line keeps on the north side of the river, and passes 
around the bend by curves of 955 feet radius, increasing the distance 
about two thirds of a mile. Thence to the base of the Hoosac Moun- 
tain, at the great bend of the Deerfield, where the tunnel begins, the 
ground is favorable. 

The mountain rises abruptly, attaining an elevation of 1,415 feet 
above the level of the tunnel, in a distance of 6,200 feet, then it falls 
off for a distance of 4,000 feet, to the valley of Cold River, which is 
790 feet above the grade line, and, rising on the other side, attains an 
elevation of 1,695 feet above grade in a distance of 8,700 feet. The 
descent from this last summit, which is elevated 2,507 feet above tide, 
to the shaft now sunk on the western side of the mountain, is 1,415 
feet in a distance of 3,666 feec. From the shaft to the present west- 
em end of the tunnel is 3,008 feet. The profile of the mountain, it 
will be observed, presents two summits, between which lies the valley 
of Cold River. 

The whole length of the proposed tunnel, between the present por- 
tals, is 25,574 feet, or 4.844 miles. From its western end to the 
railroad station at North Adams, is 2.03 miles. 

Wherever the line impinges on the main hills in the Deerfield valley, 
rock or clayey earth is met with, but*" there are occasional diluvial 
plains, composed of sand and gravel, and where they occur, the road 
is of easy formation. 
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DISTANCES. 

From Greenfield to Stillwater, rails laid, .... 
Stillwater to Shelburne Falls, partly graded, . 
Shelbume Falls to east end of tunnel, do. do., 

Length of tunnel, 

" west end of tunnel to North Adams, . . . 






5.36 miles. 

7.77 " 

17.02 " 

4.84 " 

2.03 " 



37.02 miles. 



The maximum grade going west is 58.6 feet per mile, for a length 
of 6,700 feet, and coming east, 40 feet per mile, for a length of 11,100 
feet. The least radius of curvature is 716 feet, of which radius there 
are 6 curves, embracing a length of 4,192 feet, ^^ipu miles in 
length of the road is on curves of less than 1 ,000 feet radius. The 
whole amount of curvature is 4,030 degrees, or more than eleven com- 
plete circles, averaging over the whole road 109 degrees to a mile. 
The whole length of straight line is 21.89 miles, and of curved line, 
15.13 miles. 

Tables (Nos. 1 and 2) at the end of this Report give details of 
grades an4 curvature, of which the following are brief abstracts : — 



GRADES. — Fbom O&eenfield to Nobth Adams. 



INCLINATION. 


Aiccnding 
west. 

Miles. 


Descending 
west. 

Miles. 


Total Mllei. 


LeTel) • 






2.518 
1.875 
8.167 
7.833 
6.112 
4.394 
6.119 


From to 10 feet per mile, ....... 

10 to 20 " " 

20to30 « " 

30 to 40 " " 

40 to 50 •* " 

50 to 58.63 " " 


1.875 
5.781 
3.578 
2.796 
4.394 
6.119 


« • • 

2.386 
4.2.S5 
3.316 

... 

... 




24.543 


9.957 


37.018 
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CURVES. 






No. of Curve*. 


Descriptioo. 


Lensth of each 
CUn (^ Cun'e. 


Total 

Cunratare. 


8 


2° or 2S6d feet radius, 


0.946 miles. 


V 


17 


3<» or 1910 « " 


1.480 " 




3o 


40 or 1432.^ " 


3.483 " 




11 


5° or 1146 " " 


0.942 " 


' 4030« 


72 


6° or 955 " 


7.101 " 




3 


7° or 818.5 " 


0.387 " 




6 


8*» or 716.2 " " 


0.794 « 


J 
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15.133 " 






Straight line, 


21.885 " 




. * 


37.018 " 





* 





The valley of the Deerfield is by no means favorable for obtaining 
long straight lines. It is generally narrow, and bounded on either side 
by high and steep hills, broken occasionally by watercourses. These 
hills, however, except at some particular points, do not rise so abruptly 
as to prevent curvature of moderate radius being obtained by resort- 
ing to heavy cutting and embankment. On the original location made 
by Mr. Edwards, this was done ; and the alignment, as put on file in 
the offices of the county clerks presents no very objectionable fea- 
tures, comparing favorably with that of the Western Railroad, where 
passing through the same range of mountains. His location had been 
made to obtain the best possible line which the ground admits of, and 
in some respects exhibits much boldness of design. The original 
contracts were made on Mr. Edwards's location. It has, however, in 
the main been abandoned, and a new one adopted, evidently with the 
intention of obtaining the cheapest possible road, without reference 
to its character. There are many cases where even a moderate ex- 
penditure for grading would have rendered curves unnecessary, or very 
much increased their radius. . 

Some changes, also, have been made in the line and grades of the 
tunnel. By the original location, the eastern entrance was in a ravine, 
formed by the action of a mountain torrent. After attempting to 
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change tke course of this stream, and excavating the road bed up to 
the rock, at an expense of about $5,000, some slides took place, and 
the line was moved about 150 feet to the south, where the tunnel now 
enters the solid rock, and runs parallel with the ravine. This change 
increased the length of the tunnel about 500 feet. 

At the western end the line also was moved, and the grade lowered 
some 30 feet, with the expectation of sooner reaching solid rock. 
This was unfortunate, as the rock appearing on the surface proved to 
be a mere detached mass, soon cut through. The tunnel at this end 
has been increased nearly 1,000 feet in length. 

The terms of the Loan Act, providing for payments on account 
of the tunnel, while nothing was allowed for open cutting, had prob- 
ably some influence in determining these changes, and especially that 
at the western end. 

The following tabular statement exhibits a comparison of the two 
locations from Greenfield to North Adams : — 



STATEMENT. 


Freaent 
Location. 


Original 
Location. 


Difbmnoe. 


Length of road, 










37.02 miles. 


85.88 miles. 


1.14 miles. 


Maximum grade west, . . 










58.63 feet. 


46.02 feet. 


12.61 feet. 


" " east, . < 










40. feet. 


41.93 feet. 


1.93 feet. 


Total rise and fall, .... 










1046.16 feet. 


866. feet. 


180.16 feet. 


Least radius of curvature, . 










716.2 feet. 


955. feet. 


238.8 feet. 


Total curvature, .... 










4030 deg. 


2287 deg. 


1743 deg. 


Length of straight line, . , 










21.89 miles. 


18.57 miles. 


3.22 miles. 


Length of curved line. 


» • 


• i 






15.13 miles. 


17.31 miles. 


2.18 miles. 


Length of curves 955 ft. radius or under, . 


8.28 miles. 


0.19 miles. 


8.09 miles. 



For details of grade and curvature on original location, see Tables, Nos. 3 and 4. 



SLOPES. 

Almost all the slopes of earth cuttings, so far as completed, have 
been taken out, one horizontal to one vertical, or to an angle of 45 de- 
grees. This is less than the slope which all earth cuttings on railroads 
will eventually assume, when exposed to the action of the weather. If 
sufficient inclination is not given to them in the first instance, slides will 
constantly take place, filling up the side ditches and obstructing the road. 
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In New England, New York, and the Western States, as a general 
rule, the slopes are made 1^ horizontal to one vertical, or a quantity 
of material is taken out of the cuttings equal to what this slope would 
require to be removed. Frequently clay cuttings are taken out wide 
at the level of the road bed, with nearly vertical sides, and left to slope 
themselves. It is found that slips and washes from them very soon 
fill up the ditches ; and as it is not always convenient to clean them 
out immediately, it is in some cases considered better to give greater 
width of road bed and use a steeper slope, thus giving space for the 
material washed down to accumulate until it can be removed by means 
of cars. Few or none of the slopes of earth cuttings on the Troy & 
Oreenfield Railroad now stand 1 to 1. They have generally run 
down to nearly 1 J to 1, and many slides have taken place, particularly 
on the portion of road from Bard well's Ferry to Shelburne Falls. 
These slides cover the road bed several feet in depth. 

Steeper slopes than 1 j^ to 1 have been attempted on several roads. 
On a portion of the New York & New Haven Railroad, built by 
R. Schuyler & Co., under a lump contract, the slopes were at first taken, 
out to 1 to 1, which effected some saving in first cost, but the Railroad 
Company had to continue at work on them until they were reduced to 
about 1 J to 1, or were supported by expensive bank walls — the origin 
and occasion for which in a great measure was due to the slopes not 
having been originally made fiat enough, nor sufficient land taken to 
allow of slopes of 1^ to 1. The Pennsylvania Central Railroad was 
also constructed mth slopes of 1 to 1 in earth ; and in the annual re- 
ports of the road we find repeated notices of extraordinary expenses 
being incurred in the removal of numerous washes and slides, until 
1859, when it is stated that 'Hhe sloping has added much to the safety 
of the road and reduced the expense of watching." Two years later, 
however, we again find them reporting that " numerous slides of rock 
and earth have added largely to the expense of maintenance of way." 

There are several reasons why the slopes on the Troy & Greenfield 
Railroad should even be made flatter than usual. The general course 
of the rock stratification in the Deerfield valley is nearly at right an- 
gles to the course of the road, and the seams and fissures give vent to 
springs, which cause slips to take place. Many of the earth cuttings 
are full of boulders and detached pieces of rock, which are liable to 
roll down and obstruct the road, and from the great number of sharp 
curves, rendering it impossible for the engineer to discover obstructions 
on the track until close upon them. It is of great importance that 
the cuttings should be so sloped that boulders and other material will 
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not loll down. A single accident to a train might result in damages 
amounting to more than the entire cost of reducing the slopes to 1^ to 1 . 

It is true that some portions of the banks of the Deerfield River are 
composed of a peculiarly stiff and tenacious earth, which, • when free 
from water, now stand, in a few instances, at a somewhat less slope 
than 1 j- to 1. This occurs where their bases have been washed away 
by the action of the river, and they are protected from the action of 
the weather by a matting of roots and brush. 

On the railways of England the slopes of earth cuttings are rarely 
ever made less than 2 to 1. This in a great measure prevents their 
slipping, admits of their being covered with soil, and sown with grass 
seed, which insures, after a few years, slopes not liable to be washed. 

TRESTLE WORK. 

About 1 ,800 feet of trestle work is now completed on the line of 
the road, and material is delivered for about 500 feet more. This 
trestle work is built mainly over ravines and water courses 20 to 70_ 
feet in height, to save masonry and embankment. A few of the 
smaller structures are well put together and of sufficient strength, but 
the larger ones are generally of a very unsubstantial character. They 
are bedded mainly on the natural soil. Wooden pins are used for fast- 
enings, and much of the bracing is of sapling timber of only 4 to 6 
inches diameter. I would consider it necessary, before passing loco- 
motives over these structures, to strengthen them materially, especially 
the bracing ; also to use iron for the more important fastenings. 

CULVERTS. 

The foimdations of the culverts are rarely sunk low enough, and 
the openings have not been made of sufficient size. This is evidenced 
by the fact that already 14, nearly ^ of the whole number of box cul- 
verts built, have either been blown up from not being able to pass 
the water, or are undermined so that portions of the walls have tum- 
bled down. No arch culverts are used, although the size of several of 
the streams is such as to have rendered their adoption advisable. 

RIVER WALLING. 

Some of the bank walling also has fallen down from its own weight 
and the pressure of the embankment. In some other instances the work- 
manship and material are so indifferent that the walls cannot be relied 
upon to resist the jar and action of heavy locomotives and trains of cars. 
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GREEN RIVER BRIDGE. 

This bridge is 706^ feet in length. There are seven spans of 
65 feet, and two of 126 feet, supported on stone piers, except at the 
western end, where temporary trestles are used. With the excep- 
tion of the long spans, the bridge is on an irregular curve of 764 
to 818 feet radius. 

The superstructure, which will be presently referred to, I consider 
unsafe and insufficient. I propose, therefore, to fill in solid with em- 
bankment about 260 feet of the curved portion adjoining the Vermont 
& Massachusetts Railroad, where the depth is &om 25 to 64 feet* 
This wiU leave two spans of 126 feet and three of 65 feet. 

Of the present masonry, three piers only will be available. Their 
foundations are 74, 68, and 62 feet below grade ; they are 18J by 7 feet 
at top, and have a batter of one foot in 24 on the sides, and are built 
of rubble masonry laid in mortar, except some 10 or 15 feet of the 
upper portion of the west pier, which is laid dry, and was intended to be 
grouted. Both stone and workmanship are very inferior — not better 
than is frequently used for culvert masonry. I know of no bridge of the 
height of this where the masonry is so poor, and I have some doubts of its 
sufficiency to resist the jar and strain it will be subjected to by the passage 
of h^eavy trains. The piers should have been built of large stone, weU 
bonded together, and with dressed beds and joints. If, on further ex- 
amination, it should be deemed advisable to take thetn down, the loss 
will not be much ; they contain about 1 ,000 cubic yards of masonry, 
the cost of which could not have exceeded $5 per yard. If they were 
entirely removed a new location could be made, making the whole of 
the bridge portion on a straight line. No wooden structure can be 
made creditable on the present location and piers, and I think it de- 
serving of serious consideration whether it would not be advisable to 
construct stone arches over the public road and Green River, and make 
a solid embankment across the valley. The quantity of embankment 
required, in addition to that estimated, is 130,000 cubic yards. 

SuPEKSTRXJCTURE. — The long spans are 122 feet between the 
points of support, and are divided into three equal spaces or panels. 
Vertical posts are placed at the points of division, underneath the 
chords which support the road way. The foot of these posts rest on 
^vrought iron cylinders, which are supported by the main suspension 
and tie rods, forming what is known as a suspension trussed girder. 
The depth* of the truss is 19^ feet from centre to centre. Counter 
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ties are inserted in each panel, and at the points of their ii^tersection 
cylinders are introduced, from which radiating braces support the 
chords at intervals of about 1 1 feet. 

The chords are placed 14 feet apart from centre to centre, and are 
each composed of 4 pieces of timber 5 by 12 inches, separated two 
inches by parting blocks placed 10.1^ feet apart. The gross sec- 
tional area of each chord is 240 inches. No lower chords are used, 
the suspension and tie rods supplying their place. 

The suspension rods, at their upper ends, are attached to floor 
beams notched on to the chord timbers, and at their intersection with 
the counts ties, and at their lower ends pass into the cylinders, the 
nuts being secured on the inside. These cylinders were originally of 
cast iron, but the failure of one of the spans having been imputed to 
them, they were being replaced with ^vrought iron when the work 
was suspended^ 

The main suspension rods were originally 5 in number, of 1^^^ inch 
iron to each chord, but two additional have been added, giving a 
sectional area of 15.65 inches of iron. 

The lateral bracing is coniined to the chords upon which the floor 
timbers rest, and cotn^ists of diagonal braces, 5 by 4 inches, and iron 
ties of 1 inch round iron. The diagonal vertical bracing over the 
piers consists of 2 rods of 1^ inch round iron. 

. On subjecting to calculation the strength of these spans, with an 
assumed load of 4,000 pounds per foot, including the weight of the 
bridge, the following results are obtained.* The main suspension 
rods of each truss are subjected to a strain of 8^ tons, of 2,000 
pounds, per inch. The chord timbers are subjected to a strain of 
790 pounds per inch. The lateral ties, — assuming the force of the 
wind at the usual standard of 40 pounds per square foot, and the sur- 
face exposed to its action, when a train of cars is upon the bridge, at 
1 5 superficial feet for each foot in length, — are strained 1 9 tons per 
inch, and the end braces 1,820 pounds per inch. The diagonal verti- 
cal bracing over the piers is subject to a strain of from 18 to 20 tons 
per inch. 

• In 1856 I was employed by the Board of Railroad Commissioners of the 
State of New York to examine a number of the wooden and iron railroad bridges 
in that State ; the following estimate of the load per running foot, which bridges 
have to sustain in ordinary practice, was adopted for spans of 150 feet. The 
Commissioners were authorized by law to test all railroad bridges by the 
passage of a train of 5 cars weighing 150 tons, moving at the rate of 40 miles an 
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Wrougkt iron, of good quality, is found to be capable of sustaining 
10 tons per inch without destroying its elasticity, but it is not consid- 
ered safe to approach this limit in railroad structures. In practice, 6 
to 8 tons, of 2,000 pounds, depending on the faith or the temerity of 
the builder, form the usual limits. In the Green River Bridge we 
find it subjected, with the assumed load, to a strain of from 8J tons 
on the main rods to 20 tons on the bracing. 

In Howe, Pratt, and other bridges, the timbers are generally of 
such dimensions that the length unsupported does not exceed 12 to 
15 diameters (or side of the square) of their least dimensicms, and 
when of these proportions, are not subjected to a greater working 
strain than 800 pounds per square inch. In the Green River Bridge 
the separate sticks, and also the chords, are Without. fastening for a 
length of 20 diameters, and should not be subjected to a greater 
strain than 600 pounds per square inch. If they were 40 diameters 
they could not be relied upon for more than 240 pounds ; whereas, 
we find the strain on them to be 790 pounds on the chords, and 1,800 
pounds on the bracing, per square inch. 

While no bridge can be considered secure, unless in addition to the 
other strains coming upon it, it can resist the action of ihe wind at a 



hour. This is fully equivalent to 2,500 pounds per foot, and the bridges were re- 
quired to be of sufficient strength to sustain and support double the weight or stress 
which would be produced by this load in motion. 



Weight of bridge, including rails, cross ties, flooring, &e. 

" '* saturated snow, 

Load : Two first-class locomotiTes, with snow plough 

and loaded cars, 

** due to action of wind at 30 lbs. per square foot, 
•* ** ** " of brakes, &c 



Load per nmning Foot 



Wooden Bridge, 
covered. 



1500 Ibq. 
660 « 

1600 " 
&80 " 
260 « 



5000 



(C 



Iron Bridgie. 



1250 lbs. 
540 " 

1600 " 
590 " 
270 •* 



4250 



«< 
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pressure of 40 pounds per square foot, which is that of a hurricane, 
we must bear in mind that they are of rare occurrence in New 
England, and I have no doubt there may be other bridges weak in 
this respect but even at 20 pounds per square foot, which is that 
of a storm or tempest, the bracing of the Green River Bridge is 
inadequate. 

The details of bearing surface for washers, butting joints, &c., 
appear originally to have been made in defiance of all practical rules 
of the strength and resistance of materials, but as they were in pro- 
cess of alteration when the work suspended, I deem it unnecessary to 
particularize them. 

The plan of the bridge has evidently been designed with reference 
to employing the least possible quantity of material, and is generally 
fiuch that the failure of one of several parts involves the destruction 
of the whole — the structiure forming the mere skeleton of a bridge 
^Xhere is nothing in the plan, however, to prevent a bridge of suffi- 
tient strength being built on it by properly proportioning the parts. 
But, this not having been done in the first instance, it would now cost 
as much to perfect it as to take it do^^^l and adopt some other plan, 
using such of the material in the present structure as may be found 
suitable. 

Mr. Haupt, in support of his assertion that the bridge is of suffi- 
cient strength, brings forward the great viaduct over the Susquehanna, 
on the Pennsylvania Railroad, as an instance where a Howe Bridge has 
less sectional area in the chords than the Green River Bridge, although 
the spans are greater ; and states that " the lateral bracing is precisely 
the same, both in plan and dimensions." He forgets, however, to 
mention that nearly 1,000 feet of the Susquehanna viaduct was de- 
stroyed by an ordinary gale of wind before it was entirely completed, 
for want of proper and sufficient bracing. He also forgets to state 
that the main support of the Susquehanna viaduct is in the arched 
ribs attached to the trusses, which have a much larger sectional area 
than the chords. By his own calculations, and in his own language, 
" the arches alone are sufficiently strong to bear, with perfect safety, 
3 or 4 times the greatest load that can ever come upon the bridge." 
(Haupt on Bridge Construction, p. 175.) 

Even, however, if there were other bridges of not greater strength 
than the Green River, this wo\dd not justify its adoption. The nu- 
merous failures which take place show that many are construcfted of 
insufficient strength. 
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ESTIMATE OF COST. 

Were the road intended for local accommodation only, the present 
location might answer, as the amount of business, present or prospec- 
tive, in the Deerfield ralley, would scarcely warrant the construction 
of a first-class road ; indeed, beyond Shelbume Falls, it is questiona- 
ble if any kind of railroad would pay working expenses. But as a 
great through line is contemplated, — ^ a line to compete with existing 
roads constructed on the best principles, for the transportation of 
freight at low rates, — I would deejn it of great importance to improve 
the alignment as far as may be practicable. 

The great amount of cur\'ature of small radius is, perhaps, the 
most objectionable feature, and one which, originally, could have been 
avoided by a comparatively small addition to the cost. But any im- 
provement that can now be made will be partial, unless the whole 
line is revised and a higher standard adopted. So much of the grad- 
ing has been performed, however, on the present location, it is ques- 
tionable whether, — in view of the uncertainties connected with the 
prosecution and completion of the tunnel, and the many years that 
must elapse before the road can be used ?is a through line, — it would 
not be advisable, in the event that the road, or any portion of it, is to 
be undertaken at presonti to complete it temporarily on the present 
.location, and use it until the tunnel is completed and the success of 
;the work established. 

It could then be improved to such extent as deemed advisable. 
From the amount of work already done on the grading it will not, 
perhaps, make much difference in the eventual, co^t ; the saving of 
interest on present, outlay would, meet . the increased expenditure at a 
.future day. I have, therefore, and in accordance with your re- 
quest, made the following estimate on the present location, except- 
ing at two or three points, where, fram the small amount of grading 
required, the line can be improved without involving much loss of 
expenditure heretofore. made. 

With respect to the bridging and trestle work the case is different. 
The present structures are temporary and insufficient, and I have pro- 
vided for entirely new bridges, and for filling in the trestle work, with 
one exception. This is the trestle work across '* Hawkes' Ravine," 
.about 3 miles from Greenfield. It is nearly 70 feet in depth, with a 
stream and public road at the bottom. To make an arched covered 
way for the public travel would be very costly, and, believing that an 
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alteration of the road may be effected, I have, for the present, esti- 
mated for a wooden superstructure on stone piers. 

The foregoing itmarks apply to the present location being substan- 
tially adopted. Should the route which has been surveyed, and will 
presently be described, — which leaves the Vermont & Massachu- 
setts Railroad east of the Deerfield River, and runs by Deerfield 
Centre and Stillwater to BardweU's Ferry, — be adopted, it involves 
the entire abandonment of 7^jj miles of the present road. 

I have allowed for reducing the earth slopes to 1 j- to 1 ; the material, 
where not otherwise wanted, to be used in filling the present trestle- 
work. 

In this estimate, I have included only such station buildings, fix- 
tures, and equipments as are necessary to operate the road for local 
accommodation ; and in a subsequent estimate of the cost of the road 
and tunnel, have provided for the additional expenditure that will be 
required for these items to operate the road as a through line. 



ESTIMATE OF COST OF COMPLETING THE ROAD FROM 

GREENFIELD TO THE TUNNEL. 

From Qreenfield to BardweWs Ferry. — Lengthy 7,71 miles. 

10,000 cub. yds. in grading depot at Greenfield. 
46,000 " " filling at Green River Bridge. 
116,777 " " filling trestle work. 
36,209 " " completing road bed and embankments. 



208,986 cub. yds. earth (of which 37,029 is furnished 

by reducing slopes), . . . . at $0 20 $41,797 20 

1,850 cub. yds. solid rock, " 1 20 2,220 00 

500 " " loose rock, " 50 250 00 

915 " " box culverts and drains, "3 00 2,745 00 

2,704 " " arch culverts, . ..." 4 50 12,168 00 

1,350 " " bank wall, " 2 00^ 2,700 00 

500 " " rip-rap, " 80 400 00 

2,810 " " river-bridge masonry, . "8 00 22,480 00 

1,638 " " road-bridge masonry, . "4 00 6,552 00 

Foundations of masonry, 1,700- 00 



Carried forward, $93,012 20 
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Brought forward, 993,012 20 
440 feet superstructure of 

Green Riv. Bridge at 922 $9,68000 ^ 
1 70 feet superstructure at 

Hawkes' Ravine, " 15 2,65000 
30 feet superstructure of 

road bridges, '' 8 24000 

•12,47000 
Less value of materials 

in present bridge, 2,470 00 

10,000 00 

15,000 cub. yds. ballast, at $0 25 8,750 00 

Paving at west end of Green River 

Bridge, &c., 400 00 

Repairing present culverts, 300 00 

Alteration of town roads, Hawkes* 

Ravine, &c.,- 1,000 00 

Crossings and cattle guards, 900 00 

Land damages, including depot lands, 

also land for emb. at Green River, .... 8,000 00 

Fencing 3,800 rods, at $1 10 4,180 00 

Laying 3 miles of track, including 

f mile for sidings and turnouts, at/(500 1,500 00 

$123,042 20 

To build stone arches over the Green River and public road, and 
make a solid embankment across the valley, would add about 935,000 
to the above. 

From BardwelVs Ferry to Shelhurne Falls. — Lengthy 5.42 miles. 

2,000 cub. yds. grading for depot at Shelbume Falls. 
»7 0^4^ " " filling trestle work and completing 
^ cuttings and embankments. 

99,054 cub. yds. earth, at $0 20 919,810 80 

720 " " solid rock, " 1 20 864 00 

. 250 " " loose rock, . ..." 50 125 00 



Carried forward, 920,799 80 



• 
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Brought forward, 820,799 80 

611 cub. yds. box culverts and drains, at $3 00 1,833 00 

104 *' *• arch culverts, . ..." 4 50 468 00 

2,893 " " bank wall, . ..." 2 00 5,786 00 

1,200 " " rip-rap, "0 80 960 00 

2,870 " " river-bridge masonry, . " 8 00 22,960 00 

Foundations of masonr}% 1,800 00 

560 feet bridge superstructure (Deerfield 

and Bear Bivers), at $24 00 13,440 00 

14,000 cub. yds. ballast, " 25 3,500 00 

Repairingpresent culverts and drains, 500 00 

Alteration of town roads, ....... 500 00 

Crossings and cattle guards, 600 00 

Land damages, including depot lands 

at Shelburne Falls, 1,500 00 

Fencing 2,100 rods, .'.... at $1 10 2,310 00 
Laying 5^ miles railway track, . " $500 2,750 00 

$79,706 80 



From Shelburne Falls to Tunnel. — Lengthy 17.02 miles, 

78,194 cub. yds. in reducing slopes. 
201,476 " " additional, to complete cuttings 

and embankments. 



279,670 

100,000 deduct embankment to be formed from 
material excavated from tunnel. 



179,670 


cub. 


yds. 


of earth, at $0 20 


$35,934 00 


13,908 






solid rock, . . . . ^ 


110 


15,298 80 


1,500 






loose rock, . . . . ' 


50 


750 00 


1,311 






box culverts and drains, * 


' 3 00 


3,933 00 


420 






arch culverts, ... * 


4 50 


1,890 00 


3,127 






bank walls, . . . ' 


2 00 


6,254 OC 


5,100 






rip-rap, ' 


80 


4,080 00 


3,710 






river-bridge masonry, ' 


8 00 


29,680 00 


1,165 






road-bridge masonry, ' 


4 00 


4,660 00 


1,478 






small brook bridges, ' 


4 00 


5,912 00 



Carried forward, $108,391 80 
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Brought forward, $108,391 80 

Foundations of masonry, 3,000 00 

700 feet of river-bridge superstructure 
(includes two bridges over the 
Deerfield ; Clesson's, and Chick- 
ley Rivers), at $22 00 15,400 00 

210 feet of road and brook bridges, *' 8 06 1,680 00 

44,000 cub. yds. ballast '* 25 11,000 00 

Enlarging and repairing present 

culverts, 2,00a 00 

Alteration of town roads, 7,000 00 

Crossings and cattle guards, ....,..' 2,400 00 

Land damages, 25,000 00 

Fencing 7,300 rods, .... at $1 10 8,030 00 

Laying 1 7 J miles of railway track 
(including ^ mile for turnouts 
and sidings), " $500 8,750 00 

$192,651 80 

SUMMABY OF COSX FROM GrEEKFIELD TO EAST END OF TUNNEl. 

t 

From Greenfield to Bardwell*s Ferry, . . . $123,042 20 
" Bardwell's Ferry to Shelbume Falls, . 79,706 80 
" Shelbume Falls to Tunnel, .... 192,651 80 

Total for grading, mascmry, bridging, land \ $895,400 80 

damages, and fencing, ) 

To the above estimate has to be added 
the fcrllowing items of materials for the 
superstructure not delivered.* 

Carried forward, $395,400 80 



* MATERIAL. 


Total required. 


Now delirered. 


Wantinf. 


2,250 cross-ties per mile X 31i| miles, • . 
Iron rails, 58 lbs. per yard, . 2,871 tons, ^ 
Chairs and spikes, .... 150 ** j 


70,875 

3,021 tons. 


31,000 

2,723 tons. 


39,875 

298 tons. 
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Brought forward, #395,400 80 

39,875 cross-ties, $10,710 00 

298 tons of iron, . . « 60 17,880 00 



$28,590 00 
Less value of bridge and other 

material on hand, .... 4,000 00 



24,590 00 



JLocometwe Engines and Cars, 

3 locomotive engines, . . . $27,000 00 
6 passenger and 40 freight and 

baggage cars, ...... 25,000 00 

12 ballast cars, 3,000 00 



55,000 00 



Depot Buildings and Fixtures, 

Passenger and freight house at 

Greenfield, $3,000 00 

Engine houses and wood sheds, 3,000 00 

Way stations (including water), 8,000 00 

Turntables and miscellaneous, . 6,000 00 



20,000 00 

Contingencies indudingmanage- 
ment and engineering, 25,000 00 



Total, $519,990 80 

The above estimate I consider sufficient to complete the road from 
Greenfield to the Tunnel in a substantial manner, filling the present 
trestle work, and replacing the present bridges with others of greater 
strength and of approved and tried construction. I would consider it 
unnecessary, however, to make the whole expenditure before bringing 
the road into use. Some of the slopes may for the present be allowed 
to remain at less than 1 J to 1, and some of the trestle work may also 
be made serviceable for some time. Some $50,000 may be thus saved 
on present outlay without materially afi^ecting the character or the 
eventual cost of the road. 

22 
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/ 

DEERFIELD ROUTE. 

This line leaves the Vermont & Massachusetts Railroad 1^ miles 
east of the present junction with the Troy & Greenfield Railroad, and 
keeping on the south side of the Deerfield River, crosses the Connec- 
ticut River Railroad, on a level, 800 feet south of the Cheapside 
Bridge over the Deerfield ; thence runs nearly parallel "with that road 
to Deerfield Centre, passing about 20 rods east of the academy; 
thence passing in the rear of the village lots, and curving to the west 
on the meadows, crosses the Deerfield River at Martin's Falls, about 
one mile below Stillwater Bridge, and at an elevation of 28 feet above 
ordinary water ; thence follows up the northerly side of the river to 
Bardwell's Ferry, where it unites with the present road. 

In crossing the Deerfield meadows, the grade has been placed about 
8 feet above freshet level, and a long and heavy embankment is 
required. The only other work of any magnitude, is at the sharp 
bend of the river above Stillwater. Here, either a deep rock cutting 
must be made, or two bridges built over the Deerfield to obtain a 
curve of 955 feet radius. Both lines shown on the map were sur- 
veyed. The estimate has been made on that keeping on the northern 
side of the river. 

The whole length of the line from the Vermont & Massachusetts 
Railroad to Bardwell's, is 8.11 miles. It has 489 degress less curva- 
ture, 150 feet less rise and fall, and reduces the maximum grade on 
the Troy & Greenfield Railroad ascending west, from 58.6 to 50.16 
feet per mile. The maximum in the opposite direction occurs be- 
tween North Adams and the tunnel, and of course is not affected by 
this line. The length of the through route is reduced by this line -^^ 
of a mile. 

The following is the estimate of cost for preparing the road bed for 
the superstructure : — 

Length, 8.11 Miles, 

254,600 cub. yds. of earth including 10,000 for 

grading depot, at #0 19 $48,374 00 

82,000 cub. yds. solid rock, . . . . *' 110 90,200 00 

5,000 " " loose rock, ....«* 50 2,500 00 

947 " " box culverts and drains, " 3 00 2,841 00 

2,484 " " arch culverts, ..." 4 50 11,17800 



Carried forward, $1 55,093 00 
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Brought forward, $155,093 00 

500 cub. yds. bank walls, . . . at $2 00 1,000 00 

1,200 " "rip-rap, "0 80 960 00 

1,120 " " road-bridge masonry, . " 4 00 4,480 00 

1,470 " "river " " . . " . 8 00 11,760 00 

Foundations of masonry, 1,500 00 

370 feet superstructure of Deeriield Kiver 

Bridge, at $24 00 8,880 00 

100 ft. superstructure of road bridges, " 8 00 800 00 

21,000 cub. yds. of ballast, . ..." 025 5,25000 

Alteration of town roads, 750 00 

Farm crossings and cattle guards, . . 1,000 00 

Land damages, including depot lands, . 17,500 00 

Fencing 3,700 rods, . . . at $1 10 4,070 00 
Laying 8} miles of track, including f mile 

for sidings and turnouts . . at $500 4,375 00 

$217,418 00 
To the above estimate there should be added 
•^ of a mile of railway superstructure, 
being the increased length of road re- 
quired to be constructed on this line by 
the Troy & Greenfield Railroad — say, 
at $9,000 per mile, 8,600 00 

r 

Total, $221,018 00 

To complete the grading, masonry, and 
bridging on the present location, from 
Greenfield to the point of junction at 
Bardweli's, is estimated to cost, . . $123,042 20 

^ Making a difierence in favor of the present 

road of, $97,975 80 

If stone arches and an embankment should be adopted at the cross- 
ing of the Green Biver on the present location, the difierence in cost 
would be reduced to about $63,000. 

The Deerfield route is unquestionably much superior to the present 
road as a through line, but it will not accommodate Greenfield, nor 
the local business of the Deerfield valley with that town, so well. The 
nearest suitable place for a depot is two thirds of a mile further from 
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the Tillage than the present junction. It would, however, better 
accommodate Deerfield Centre and Mill Village. 

It would be perfectly practicable to croiss the Deerfield River 
and unite with the Vermont & Massachusetts Railroad at the trap 
ledge, about 1,700 feet below the Cheapside Bridge. This would 
bring the point of junction 3,000 feet nearer to Greenfield, but the 
building of a bridge would cost confsiderably mrore than the building 
of this length of additional road. 

If the Deerfield route is adopted," ihe only way Gteenfield could be 
properly accommodated would be by running cars by horse or steam 
power on the Vermont & Massachusetts, or Connecticut River Rail- 
roads, to connect with the several trains. 

Its adoption, now involves the abandonment of 7^jj miles of the 
present road. 

Viewed as a through line, the -saving of neatly a mile in distance, 
489 degrees of curvature, the reduction of the maximum grade, and 
the avoidance of the Green River Bridge, with its sharp curve, would 
be of considerable importance. 

The following table exhibits the leading eharaeteritltics of both 
lines, from the points of eoaimon junctaon on the Vermont & 
Massachusetts Railroad, and at Bardwell*s Ferry :-*— 



« 



STATEMENT. 



Length, 

Total curvature, 

Least radius of curvature, 

Whole number of curves^ ....*. j 
Number of curves of Qo6 feet mditts, . « 
" " " under 955 feet radius, . 
Maximum grade east 

" " west, 

Total rise going east, 

" " " west, 

Total rise and fall, 

Estimated cost to complete road ready 

for superstructure, 



By Greenfield. 



9.03 miles. 
1,274 deg. 
716.2 feet. 
42 
20 
6 
38.72 feet. 
58.63 feet. 
164 feet. 
110.8 fe«t. 
274.8 feet. 

$123,042 20 



By Deerfield. 



8.11 miles. 
785 deg. 
955 feet. 
22 
2 

28.6 feet.' 
34.52 feet 
89 feet. 
Z5S feet. 
124.8 feet. 

$221,01800 



DiflTerence. 



0.92 miles. 
489 deg. 
238.8 feet. ' 
20 
18 
6 
10.12 feet. 
24.11 feet. 
75 feet. 
75 feet. 
150 f«et. 

#97,975 00 



(For details, see Tables Nos. 5 and 6.) 
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TUNNEL. 



" The completion of the tunnel is unquestionaWy the key of the 
whole enterprise." 

The Hoosac Mountain, which forms the barrier t6 be perforated, is 
a portion of the Green Mountain range, which extends from the bor- 
ders of Canada to those ot Connecticut. In the vicinity of the pro- 
jjuscd tunnel, and ibr a distance of several miles on either side, its 
summit presents almeet an u&bvekea ridge, elevated about 2,500 feet 
above tide water. Its ge<dogical Qharaeter is primitive, being com- 
posed mainly of mica and talcoae slate, and sometimes approaching to 
the character of gneiss, except at the foot of the western slope, where 
there is<a secondary formation, which overlays .that of the mountain, 
and through which the tunnel must be excavated for about ^ a mile. 
This is composed, so far as penetrated, of a hard silicious rock, quartz- 
oze sandstone, and some limestone, much displaced and broken up ; 
the whole overlaid with gravel, clay, and sand, and full of water, 
accumulated frdfri the slope of the mcraantain. 

On the eastern side, 'the stfatiiicatitni'- is inclined at ah angle of 
about 20° from the vertical, the dip'being to the eawty while on the 
western side the inclination is in the opposite direction, and at an 
angle of about 30° from the horizon^ 

In order to determine tfep character, of the rock .intermediate, and 
also its dip and bearing^ examinations were made on the line of the 
tunnel, and specimens collected. These specimens have been arranged 
on a section or model of the mountain, herewith submitted, and show 
marked uniformity of structure, except those from the western end. 

The following table give6 the inclination, direction of dip, and line 
of bearing of the stratification, as determined at the surface, and nlso 
inside of the tunnel, sO far as constructed. The course of the tun- 
nel is N. 81° 8' W. from theeftBlem Md, and 8. 81° 84' E. from the 
western end. A -slight angle being' made. at- ifae centre, the object of 
which is more certainly to make the different workings unite. 
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The disadvantages under which tunnelling operations proceed arise 
from want of space, light, pure air, the penetration of water, necessity 
of securing or removing loose fragments, and the inconvenient commu- 
nication and means of removing the material. The time required and 
the cost of completion are dependent on the character of the material, 
quantity of water, number and depth of shafts ; whether arching is re- 
quired, use of machinery, and the skill and good management displayed 
by the engineef and contractors in meeting and overcoming difficulties. 

The cost of tunnels through rock is altogether more certain than when 
through earth, clay, sand, or any other loose material ; and when the 
rock is of a character to require no arching, the cost is generally less. 

Heretofore tunnels have been excavated mainly by hand labor, and 
from the small space which they afford to operate in, the numb^ of 
men that can be employed is limited, and the operation slow and 
tedious. The progress that can be made with the heading, through 
rock, determines the progress of the whole work. The bottom exca- 
vation, from the larger force that can be worked on it, tian always be 
taken out as fast as the heading can advance. To expedite works of 
this kind, where the tunnel is at no great depth below the surface, 
shafts are generally sunk, which, by increasing the number of faces 
that can be operated upon, allow more men to be employed. In the 
Hoosac Tunnel, however, from the great height which the mountain 
rises above the level of the railroad, this is not practicable, except for 
a short distance at the western end, and in the valley or depression of 
the mountain, nearly midway between the ends. 

TUNNELLING MACHINES, 

Various attempts have been made to reduce the cost and expedite 
the work of tunnelling, by using machinery driven by steam or other 
power. When the tunnel under the Alps was first projected, a boring 
machine was proposed to be used, which, it was anticipated, would 
reduce the time to less than one tenth of that which would be neces- 
sary by the ordinary and common methods previously practised. The 
Civil Engineer and Architect's Journal of 1847 contained the follow- 
ing account of it, headed, '^ Tunnelling the Alps." 

" The Moniteur Beige announces that experiments have been made 
in order to test the efficacy of a machine, just invented, for the pur- 
pose of effecting a new and speedy method of boring tunnels. It is 
proposed to apply this machine to the construction of the great tunnel 
about to be commenced in connection with one of the Italian lines. 
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It was placed in front of the web» and effected a bore to the depth of 
seven inches in thirty-five minutes. At this rate, the new invention 
will complete upwards of 16j- feet of bore per day ; and the proposed 
tunnel through Mont Cenis will be finished in ihe space of three 
years. The experiments have been repeated twice before the first 
engineers of France, and with the most complete success,'* 

This machine, it would appear, was abandoned, as the work, when 
commenced some ten years later, was prosecuted by h^nd labor, and 
is now in progress by the use of j>ower drills. 

Shortly after the Troy d& Greenfield Railroad was chartered, and 
when there was some prospect of the tunnel being prosecuted, the 
attention of inventors and mechanics was directed to the subject of 
tunnelling machines. One was constructed at South Boston in 1851, 
specially with reference to, and intended to be used at, the Hoosac. 
This machine weighed about seventy tons, and was designed to cut 
out a groove around the circumference of the tunnel 13 inches wide 
and 24 feet in diameter, by means of a set of revolving cutters. 
When this groove had been cut to a proper depth, the machine was to 
be nm back on its railway, and the centre core blasted out by gunpow- 
der, or split off by means of wedges. It was conveyed to the ^oo- 
sac, and, the approach not being then completed, was put in opera- 
tion on a vertical face of rock near jthe proposed entrance of the 
tunnel. In the report of tl^e Hailrp^d Conunittee, to whom was 
referred the petition of the Troy <S( Greenfield Kaikoad Company for 
State aid, in 1853 (H. Doc. No. ), the following account is given 
of its performance : — 

" Wed., March 16th, 1853. — After a careful survey of the machine 
by the Committee, to become familiar with its structure, it was set in 
operation, and run fifteen minutes,, when, it was found, by measure- 
ment, to have cut into the xQ^\i/our. an^d one eighth inches, or at the 
rate of 16 J inches per houy. The weather was very cold» and both 
the machine a^d the rock wore filled with frost;; consequently, the 
operators did not dare to test the machine to the extent of its capacity. 
Under more favorable conditions, it had cut twenty inches, or more', 
per hour. The operations of the machine seemed to give great satis- 
faction to all who witnessed them." 

Twenty inches per hour is at the rate of 20 feet in twelve hours, 
^d were it practicable to have continued the machine in operation 
for this length of time daily, the completion of the tunnel, by oper- 
ating at both ends, would have been effected in less than two years. 

The \irhole length perforated by this machii^ during the various 
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triak mude with it wd^ about 10 feet. ShortiLy after ike vidit of the 
Committee, however, fui^^er eiq)e]:3anent8 were aiflLndoned ; and last 
year it was broken up (liaring been sold as old iron), except ihe main 
shaft, whioh still remains at tiie eastern end of the tunnel. 

About the same time another machine was constructed at Hart- 
ford, known as the *' Talbot Tunnelling Machine." The principle t)f 
this was by means of revolTing cutters, fixed on arms, to cut out the 
whole area of the tunnel. The machine was adapted to cot 1 7 feet in 
diameter, and weighed, exclusiTC of the steam engine and boHers em- 
ployed to operate it, about sixty tons. 

The cutters were rotating disks of steel, with their edges properfy 
adapted to cut away the surface of the rock by rolling against it. 
Sets, or series, of these rotating (Msks were applied to the surface of 
the rock, in such a manner that they described, in thbir action, a seg- 
ment of a circle from the centre to the circumference of the tunnel to 
be excavated, in combination with a slow motion around said centres ; 
while, at the same time, the entire machine which carried ihe cutters 
advanced forward in the direction of '€ie axis of the tunnel. Machinery 
was also to be applied to removing the material excavated from the 
front, and deposit it in cars in the rear of the machine. I witnessed 
several trials of this machine on gneiss rock, near Haiiem. Its 
greatest progress was 2^ inches in 15 minutes, or at the rate of 10 
feet in 12 hours. Several attempts were made to run it continuously 
for 24 hours, but in the aggregate it never accomplished more than 
could be done by hand labor. The company who constructed and 
o^vned it intended to devote themselves to excavating tunnels, and 
obtained a contract on a railroad in New Jersey. They operated the 
machine for several weeks, but the progress made not proving satis- 
factory, it was removed, and the work completed by hand labor. 

A third machine was constructed in New York, intended, like ^at 
constructed at Hartford, to cut out the whole area without blasting. 
It was adapted to excavate the heading only, or a hole eight feet in 
diameter, which was afterwards to be enlarged by manual labor and 
blasting. This machine was put in position at the western end of 
the tunnel; and Mr. Haupt, in his published address at a public meet- 
ing at the American House, Boston, June 9, 1857, made the following 
remarks in regard to it : — 

*^ It will naturally be expected that I should say something on the 
subject of the boring machine. I can only say that I believe it wiH 
be successful. It will be put togethar and in working <Jtder in from 
four to six weeks. Its principle of «etiob is diferefit from any of its 

23 
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predecessors, and far more likely to succeed. The only siinStf ma- 
chine in existence Ihw recently been tried in California, where it cut a 
six foot hole in hard rock at the rate of 23 indiev in an hour and 45 
minutes, or at the rate of 26 feet per day, with one machine.*' 

And, in a published letter to Oeneral Wool, under date of Septem- 
ber 25, 1858, Mr. Haupt says : ** The slowest progress of the machine, 
when working, will be fifteen inches per hour ; the fastest, twenty-four 
inches. A machine at each end, working but half the time, with the 
slowest feed, should go through the mountain in twenty-six months." 

This machine, which weighed about 50 tons, and which Mr. Haupt 
states cost his firm 925,000, was put in operation at the western end 
of the tunnel, but proved an entire failure. It never excavated a sin- 
gle foot of tunnel, but, after various trials, was dismantled, raised up 
firom the road bed so that cars could pass under it, and now remains at 
the western portal to the Hoosac, a monument of misapplied ingenuity. 
J Boring and tunnelling machines, therefore, in this country appear so 
far to have failed to meet the expectations of their projectors. 

In England, various attempts have also been made at tunnelling 
machines. In 1857; Captain Pennioe, of the royal engineers, con- 
structed one on a small scale, and it was stated that the Worcester de 
Hereford Railway Company had ordered one to cut a tunnel 1 3 fbet 
in diameter through the Malvern Hills, which are composed of sienite, 
and that anot^ier was to be set at work upon the great Hauenstein 
Tunnel, through the Jura Mountains. The following is a description 
of the machine: — 

** This machine consists of a species of steam battering-ram, or im- 
mense piston-rod, at the head of which a powerful wrought-iron cross 
is fixed, consisting of four, eight, sixteen, or twenty-four arms. These 
arms are completely studded with diamond-shaped steel points, and, 
by an ingenious contrivance, at every blow on the £gu» of the rock a 
part of the revolution of the cross is made ; thus imitating the action 
of the boring tool in pr^aring for a Uast. 

**The line of diamond-head chisels on each arm is thus kept contin- 
ually cutting near an edge of rock, which is much more advantageous 
than a blow in the centre of a solid. The diameter of the excavation 
made is such as to include the whole of the machinery, which is on a 
wheel-truck lying on the rails, and progressively follows its excavator. 
The progress is something like that of the Teredo Navallis, which is 
supposed to bore, with its homy head, a hole large enough for the 
body to foHiDW. The difficulty with a machine of this nature is, to 
temper the blow to the hardness of the rock which is to be cut, until 
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the steel points will bear the reaetion ; accordingly, this is very clev- 
erly done in the machine, by an arrangement similar to the steam- 
hammer of Mr. Nasmyth; and in very hard rock, a speed of 200 
blows to a minute, with a very short stroke, can be given. Ventila- 
tion is very well managed by the action of the waste steam, which is 
driveii ifsto a wooden conduit pipe, causing a strong current at the 
eductiim near the mouth of the tunnel, and a consequent vacuum and 
return current within. 

'' The experimental machine was made with a ram five feet in diam- 
eter, and it cut its way in sandstone, at Newcastle, at the rate of 20 
inches per hour, to a length of 80 feet, when it became clogged, for 
want of proper arrangements to remove the chippings. This is now 
proposed to be done by means of something like a dredging ladder, 
which will cast back the material under the wheels of the engine, 
whence it can be taken away on trucks.*' 

Satis&ctory as this account appears, I am not aware that any ma- 
chine, on this plan, has been actually applied to the construction of a 
tunnel. Last year there were some notices of a new tunnelling ma- 
chine oa ''Roberts' patent," constructing by Hawks, Crawshay &; 
Co., London, weighing fifty tons, and to be operated by steam, in- 
tended to cut firom 11 to 30 feet diameter ; but I have seen no account 
of its completion or trial. 

Had either of these machines proved successful, we would, no doubt, 
have had full details of their performance. 

POWER DRILLS. 

Mr. Edwards proposed to use power drills in excavating the tunnel, 
and based his estimate of the time, required on their being adapted to 
tunnelling. They have firequently been tried on public works {<x the 
last twenty years, but have never come into general use. Where the 
rock is favorable they expedite the work, but there is a general im- 
pression among contractors that there is not much economy in using 
thenl. In an open cutting, however, there are various ways of expe- 
diting the work which cannot be adopted in a tunnel, and as the 
greatest attainable progress, irrespective of mere cost, is all important 
in the latter, power drills, it may reasonably be expected, may be 
applied to better advantage. 

In the construction of the Mont Cenis Tunnel, which has been in 
progress for several years, machinery for drilling has lately been suc- 
cessfully introduced. The drills, or perforators, are operated by com- 
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pressed air, and the Tate of progreas by thek use 'has been fnciefuted 
from about 50 feet per motith, by hand labor, io 130 Hfe6t crn each fkce. 

As this is the only tunnel in ivhich raacirinery has been Fuccfessfufly 
used, it is important to examine whether t^e ^ame means cannot be 
applied at the Hoosac. 

The project of connecting the French and Italian lines of ¥a3way 
by the Mont Cenis was proposed Inore than fifteen years i^fnce, but 
the work was not actually commenced until 1857. Hie government 
of Victor Emanuel is at the cost of the work. The tunnel is 12^ 
kilometres, or about 7^ English miles in length, and, in many respects, 
has a marked resemblance to the Hoosac Tunnel. The following 
account of it, from the London Journal of the Society of Arts, I deem 
of sufficient interest to quote entire : — 

**A communication on this subject has recently been made to the 
French Academy of Sciences by M. Mefnebtea, and published in the 
Comptes Rendus, stating that Several months ago the immense work 
of boring a tunnel under the Alps, between Modane and Bardonn6ch'e, 
was commenced. These places are situated on opposite sides cff the 
Alpine chain which divides l^iedmont from ^France, at a point where 
the valleys of the Arc and Doire are almost parallel to each other, and 
here they are on the same level, the mountain being most narrow at 
this spot. This important position had beeii noticed about twenty 
years ago by M. Medoil, and had often attracted the attention of en- 
gineers and geologists. The tunnel will be 12^ kilometres in length, 
and is designed in the same vertical plane, but, to facilitate drainage, 
is somewhat higher in the middle than at the extremities, so as to 
form a slope on each side, one being an inclination of five in a thou- 
sand and the other being twenty-three in a thousand, in consequence 
of a difference of level between the two extremities ; the height being, 
Bardonn^che (southern orifice), 1,324 metres; highest point, 1,335 
metres ; Modane (northern orifice), 1,190 metres above the level of the 
sea. The crest of the mountain being 1 ,600 metres higher than the 
highest point of the tunnel, the sinking of shafts is pragtically impos- 
sible ; hence the tunnel could only be worked at its extremities, so 
that it was calculated that the labor by the ordinary processes could 
not be completed in less than 36 years. The difficulty of ventilation 
was also very great. The mountain, having been examined geologic- 
ally by MM. Elie de Beaumont and Angelo Sismonda, was found to 
contain micaceous sandstone, micaceous schists, quartzite, gypsum. 



and limestone; o£ the^ varioufi kjisu^ q$ rpck, the quartzlte alone 
would be- likely to offer any serioi^s resistance" to engineering opera- 
tions, but the stratuiu, of this appeared not likely to be very thick. 
The plan proposed for overcoming the diffijculties was put forward by 
three Sardinian enguoueer^s MM. SpntmeiU^r, Grattone, and Grandis, 
whQ' pr<^oeed to turn th4$ abundance of water, for which the locality 
was remarkable, to aecount, by 9tpplying it to a peculiar system of 
perforation and ventilation. 

''The first apparaJTUs desig^d by these gentlemen consists in a 
hydraulic, air condenser, which ia a syphon, turned with its orifices, 
upwards* and communicating by one of them with a stream of water, 
and by the other wit]^ a reservoir of air. The water descending into 
the firat branch enter-s the. second, and by. the pressure it exercises 
eondeo^es: the air» which i& then forced into the reservoir. When the 
presaure of air arrivea at a certain, po^tt, a vaive is opened, by which 
tbe waiter contained in the syphpn ia let out, and the operation re- 
commences. The emission and introduction valves are regulated by 
a small machine, operating by mean^ of a. column of water, and the 
aif m the reservoir is maintained at a constant degree of pressure by 
a cojlumn of water communicaling wi$h anothei: resexvoij? above. 
This condensed air ia used both as a mptiye pawer and for ventilation. 

'* Commisaioners were appointed by the Sardiiuan government, of 
which the auth(Hr of this paper was^ cme, to investigate the efficacy of 
this pl^n» Their es&pernuants were^ ipaade with two kinds of perfora- 
tors, worked by condensed air^ instead of steam, one invented by Mr. 
Bartlett, the other by M. SommBiller ; it i^^ stated that by means of 
^se, holes for blasting may be bored through the hardest sienite in 
one twelfth of the tim^ wh^h. woiild b& required if ordinary means 
were employed. The perforators may have another advantage ; in a 
space where three couples of miners could hardly be placed, 18. per- 
forators may be set to work ; so that by means of these contrivances,, 
it is said that the perforation of the tunnel may be effected in six 
years, instead o£ 36, as the inventors calculate upon advancing three 
metres per day on each side of the mountain, or six metres per day in 
all. It is calculated that it will require 84sd94 cubic metres^ of air per 
24 hours, to replace that which haa been vitiated by respiration, 
torches* and gunpowder at each end of tl>e tunnel, which ia equivalent 
to 14,32Q cubic metres of ai«, condenasd ta six atmospheres. As the 
quantity of air necessary to put in action ihfi perforating machines 
will be only 6^7 cubic metres^ at the pressuiie of six atmospheres, a 
large port^n ef the compressed air will thus be available for ventua- 
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tion. Both on the side of Bardonn^che, and on that of Modane, it b 
said that water power exists, which is abundantly sufficient for the 
required purpose. Whenever this great work is finished, it is calcu- 
lated that the journey from Paris to Turin will only occupy 22 hours, 
and from Paris to Milan, only 27 hours. The author is of opinion that 
great credit is due to the Sardinian government for the liberal and judi- 
cious manner in which it has encouraged this great and important work.'* 

The above account was written before much progress had been 
made in the actual construction of the tunnel, and the plans were sub- 
sequently modified to some extent. As the latest information on the 
subject within my reach, I submit the following extract from an arti- 
cle in the Civil Engineer and Architect's Journal, of October last, 
which, although evidently containing some blunders, gives a very 
intelligible account of the machinery used and progress making : — 

''This stupendous work was begun on the 8 1st August, 1857. At 
the present moment the excavations extend to 740 metres (2,427 feet) 
on the north, and to 950 metres (3,116 feet) on the south side, and 
consequently 10,530 metres (34,538 feet= 6.54 miles) are yet to be 
bored. Up to a late period, the mining operations were perfoarmed by 
the ordinary method of manual labor, but new boring apparatus has 
been adopted on both sides of the tunnel, and the work progresses 
daily at the rate of four or five feet at each end. Still, it is evident 
that ten years will hardly suffice to complete the work. The cost of 
this gigantic undertaking is estimated at sixty millions of francs, but 
probably this sum will be much exceeded. France has to contribute 
twelve millions of francs, but has not done so hitherto. If present 
circumstsLnces continue, it is to be feared the works will be stopped. 

" The work of boring is done by machines, which are moved by air 
compressed by hydraulic pressure. The water necessary for this pur- 
pose is obtained in the following way : The water which constantly 
pours down the slopes of the Alps, and which forms the chief supply 
of the little river of Bardonneche, is collected in channels and lai^e 
reservoirs, and thence conducted by large tubes to a building in which 
there are ten iron tanks in the shape of steam boilers, each of which 
is furnished with a vertical tube of two feet diameter and fifty metres 
(164 feet) high. While the water is conducted from the main tube 
into these ten secondary ones, the air is conducted by a ventail appa- 
ratus, of which each tube has one. The air and water is so conducted 
that the tanks are completely filled with air, and the tubes with water. 
The columns of water in the tubes now compress the air with a 
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force of 22,000 pounds, which causes the air to issue from the reservoir 
with great force. A strong metallic tube eight or nine inches wide is 
conducted into the tunnel, close to the boring apparatus, where four 
tubes of india rubber, secured by screws, bring it in four cylinders 
placed horizontally, from whence the rotary apparatus, which moves 
the boring instrument, is fed. This rotary apparatus moves eight steel 
gimlets, each three feet long, which, placed at an angle of 45°, pene- 
trate, pushing and boring into the rock. As the borers make 200 
strokes each minute, the noise is terrible. The air cylinder, the 
borer, and the men at work, are placed on an iron framework, which 
can be moved upon wheels rolling on iron rails. Ventilation as well 
as the removal of dust is effected by the opening of spiral air-valves 
fixed on the iron tubes. 

'* The boring apparatus made at the manufactory of Cockenll, at 
S^raing, are 9 feet long by 10 to 12 inches high. Each machine per- 
forates the rock, according to its solidity, to the depth of 2 fee4, and 
a widl^ of 1^ inches. On each surface of 6 square metres, four holes, 
2 feet long and 3 inches wide, and 70 or 80 holes of the same lengtht 
but of less width, are made. After all the holes have been drilled, 
which generally occupies six hours, the iron framework, with the 
boring apparatus, is drawn backward in the shaft about 100 metres, 
and it is closed by a strong wooden gate, for avoiding the projection 
of stones when the mine is exploded. The method resorted to here 
is the usual one of gunpowder and a conducting train, but the 4 large 
holes in the middle are not loaded. After the firing of the mine the 
smoke of gunpowder is expelled by means of the ventilating apparatus, 
and the debris of rocks carried in small carts, on a lateral rail, to the 
large wagons at the entrance of the tunnel, and thence conveyed to 
the general repository of rock debrw. The coUectixig «id removing 
of the rock debris takes also six hours, and thus the blasting can only 
be done twice a day. There are two rails in the tunnel, between 
which is a conduit for the effiux of the water. It is altogether sup- 
ported by a vault ; that at the north end made of hewn stones ; on the 
south side, of bricks. Outside are reservoirs and the building for the 
machines to compress the air, a mechanical workshop furnished with 
a turbine, a large building for the officers, and a manufactory of gas 
for lighting the tunnel and the buildings." 

The progress of four to five feet per day, which is here represented 
as being now made at Mont Cenis, is more than has been accom- 
plished by hand labor, or by any apparatus yet put to the practical 
test of actual tunnelling. I know of no reason why the same kind of 
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maehinery cofdd not be adopted at ^e Hooeac, and be equa^y as sue* 
eessfol. They may have the advants^ <^ a greater amount of akUkd' 
labor, and at cheaper rates, but iMs would be. fUUy ofil^et by the 
greater mechanacal ingenuity and the labor-saving expedients which 
would be adopted in this country. Wat» power is there used at 
both ends of the tunnel, and the same mqtive power may be used at 
the eastern end of the Hoosac. A dam aeross the Deerfi^d would 
famish the requisite power. At the western end a sufficiency of 
w«ter is not to be obtained, and steam would have to be resorted to, 
but the diiference in expense could not be very great. 

« 

Ftom the description given of the rock at Mont Cents, I should 
judge that a considerable pc»tk)n of it will be easier to work than 
mica and talcose slate, while another portion will be much harder 
than any yet encountered at the Hoosac. Taking into account, how- 
ev^, that the Mont C&sd» Tunnel has to be lined, and the delaya and 
mterruptionS' in cqusequenoe, I am disposed to think that the differ** 
ence in the rate of prc^ese would not be material;. I wiU, therefore, 
submit estimates based on hand labor, and also on using machinery 
similar to that at Mont Cems, 

SIZE OF TUNNEL. 

As or^inally proposed, the tunnel had sufficient size for two rail- 
road tracks, 24X20| l^et, but the Loan Act of 1854 specified that it 
might be built fc»r ^' one or moire." In IS-S^ the Baiboad Company 
contracted with Haupt & 0&. that they mig^t buOd it for a single 
track; and m 1859 the legislatiEre auih«»^d it to be excavated 14 
fbet wide by 18 feet in height 

There are many serious objections to a single track tunnel of the 
length pr(;f>osed, and especi^Ey on a road intended for a great through 
line. Embarrassing d^ays must frequent^ occur; any interruption 
GS break down in passing through it would be attended with great 
inconvenience and danger. The smoke and steam from the loccano- 
tive engine, when at rest, wouM soon iB a pcnrtion of the tunnel ; and ift 
ease of the locomotive and ears getting oS the track, they would occupy 
the whole space, and be difficult of removal ; even to make communis 
cation from one end of the train to the other would be v^y difficult. 

In England, as in this country,, the general rule has been to make 
raibroad tunnels of sufficient size for two tracks. The few exceptions 
have been re^ette j aHerwards,. and in England they have generally 
b«en enlarged at a greatly increased cost. In. a double track tunnel 
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there is more room for the smoke and steam, and ventilation is better. 
Tke additional cost, if the tunnel isi made of sufficient size in the 
£rst instance, is not great ; probably not more than 25 to 30 per cent. 
The larger the area of the tunnel the less will be thoicost per cubic 
yard for excavation. The heading, which is the most expensive por- 
tion, is common to both ; draining and ventilatioa are also common. 
If the tunnel is arched, and afterwards enlarged, the whole of the 
arching has to be removed. 

The following items of cost of the Bleechingly Tunnel will show 
hdV small a percentage of the whole the mere excavation formts : — * 

Materials: brick, cement, timber, etc., £61,911 18 8 

Labor on brick work, 11,643 12 11 

Labor : mining shafts and removing material, . . 3,273 2 8 

" tunnel " "... 15,727 7 

Miscellaneous, 2,680 16 6 

Total, £95,236 17 9 

fieing at the rate of £23 16 2 per running foot for the whole tunnel, 
3,972 &et in length. The arching and material for p-opping up amount 
to 77 per cent, of the whole cost, and the excavation to only 20 per cent. 
In the contract with Haupt & Co., #12.00 per foot is specified as 
the price to be paid for enlarging the tunnel for a double track. If 
this was a fair estimate, it would cost less if taken out to the proper 
dimensions in the first instance. I will base the estimates on a tun- 
nel of sufficient ^ize for two railroad tracks. 



DRAINAGE OF THE TUNNEL. 

So far as it is worked fi*om the ends, with the exception of the 
3,000 feet between the present shaft and the western portal, I do 
not anticipate that there will be much trouble firom water. At 
the east end, the whole quantity running from the 2,400 feet 
already excavated would pass through a two inch pipe laid down 
on the grade ; and in the shaft at the west end the quantity met 
with is represented as having been of no great account. The as- 
cending grade from both ends, with a summit in the centre, is favor- 
able for drainage ; and even if a large quantity of water was met 
with it would cause no great inconvenience. The stratification of the 

24 
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rock crossing the line of the tannel neady at r^^ht ang^s, the springs, 
in all probability, run in the same direction, and if intercepted, the 
water from them would find its way down the side ditches to the ends 
of the tunnel. # A pipe 24 inches in diameter laid on the grade would 
discharge at the rate of 6,250 gallons per minute, and the side ditches 
can readily be made of sufficient size to pass twice this quantity. 

With such portions of the tunnel as may be excavated from shafts, 
the case will be different ; here the whole quantity of water met with 
will have to be raised by steam power, and from the great depth of the 
shafts, should any large quantity be encountered, will be very expensive. 

The water running in the two branches of Cold River, where they 
cross the line of the timnel, was gauged on two several occasions, and 
found to be as follows : — 



DATE. 


Oallom per Minute. 


Maia Branch. 


Eut Bimneh. 


Otetal. 


October 29. 1862 


6,000 
4,400 


1,600 
1,120 


7,500 • 
5,520 


November 27, 1862, 



During the spring freshets there is probably three or four times 
this quantity. Were the whole to find its way into the tunnel, the 
expense of pumping it to the surface would be very great. But a^ it 
now keeps the surface, although running over a porous gravel bottom 
with a rapid descent, and there are nimierous small springs in the 
valley, I think these facts indicate some impervious strata underneath. 
In fact, the mica slate appears in the bed of the stream near the 
crossing. Although, then, from the displaced stratification which 
occurs in this quarter I should expect some leakage into the tunnel, 
I do not think it will be serious. Professor Hitchcock has expressed 
the opinion that the water would not percolate as low as the grade. 
Be this as it may, even if the whole water of Cold River reached the 
tunnel, a conduit could be made which would convey it to the ends. 



VENTILATION. 

In the early history of railroads much difficulty was anticipated 
in ventilating tunnels from the steam and smoke of the locomo- 
tive engine, which, it was supposed, would be deleterious to the 
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health of the passengers. In practice little inconvenience has been 
found to exist, the smoke and steam rising to the roof, and either 
condensing there, or finding vent at the ends or through the venti- 
lating shafts. Not unfrequently, however, with long trains and in 
certain states of the atmosphere, the smoke descends so as to be sen- 
sibly felt in the rear cars. 

If the tunnel is constructed for a double track, I would not antici- 
pate much annoyance from this source. My belief is founded on a 
personal examination of many of the English tunnels. 

During the construction of the work, of course artificial means of 
ventilation will be necessary to supply the workmen and their lamps 
with fresh air, and to remove the powder gases. This can be accom- 
plished either by forcing fresh air to the headings through a pipe by 
means of machinery, or by the same means withdrawing the foul air. 
Still, in a tunnel of the great length of the Hoosac, with a summit in 
the middle and the entrances nearly on the same level, there may be 
doubts whether, with numerous trains passing through it, a speedy 
and perfect ventilation would be established. Any fears on this point 
would be overcome by sinking a shaft near the centre. The ventila- 
tion could then be regulated, if necessary, by the common expedient in 
mining regions of keeping a fire burning near the top or bottom of 
the shaft. There is another and more conclusive reason, however, for 
sinking a shaft, and that is, in order to expedite the completion of 
the work and save interest on the money expended. A shaft I con- 
sider necessary for this purpose, and would sink it about midway 
hetween the present end faces of the tunnel, where the depth is about 
1,000 feet. 

REMOVING MATERIAL. 

The average haul which the material from the tunnel, with a central 
shaft, will have to be carried, will be less than 1^ miles in the tunnel, 
and J mile outside — and by horse power will cost about 30 cents 
per cuhic yard. That removed from the shaft wiU cost three or four 
times as much. 

TIME AND COST. 

The best data, perhaps, for estimating the cost by hand labor would 
have been the actual expenditure on the portions already completed ; 
but no reliable information is to be procured on this subject. There are 
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a. few facts, however, as to th^ progress made, to be derived from the 
monthly retiuiis to the Gbvemor and Council, which will presently be 
given. My own experience in tunnelling operations has been trifling, 
being confined to one of 300 feet in length, 24 by 18 feet, on the 
Norwich & Worcester Eailroad, constructed in 1838, through sienite 
rock, which was performed by contract for 870 per foot run, and waa 
supposed, at the time, to. have cost about $60 ; and 4 or 5 culvert 
tunnels on the Troy & Schenectady Railroad, through clay slate and 
graywacke rock, the longest being about 250 feet, and of the dimen- 
sions 6 by 3^ feet, which were excavaited for $5 to $6 per foot run. 
There is, however, a large amount of information to be found in 
various works on tike subject of English tumaels, but the geological 
fomatioa there is eatirely diffe«,njt from that of New England. 

The English tunnels are rarely through rock of such a character as 
to be depended on to fonrci the roof, and arching, as a general rule, 
is resorted to a3 necessary and indispensable ; while the rock at the 
Hoosac, where the inclination of the strata approaches the vertical, 
I consider nearly or quite as reliable as an arch, and therefore this. ]$nr 
portant item of expense will be saved for a considerable portion of the 
distance. Where the stratification is inclined at an angle of less than 
4i5° from, the horizontal, there may be places where arching may be 
necessary to prevent loose fragments from falling on the track. 

The English, and other tunnels of which we have the most detailed 
information, are generally works that were extremely dificult of exe- 
cution, requiring for theb accomplishment aU the resources of en- 
gineering science. They are also generally of much greater size 
than is proposed for the Hoosac. This is the case with the Box„ 
Kilsby, Bleechingly, Saltwood, Blaisy, and others ; they have obtained 
prominent notice from the great difficulties encountered in their con- 
struction, all of them being more or less through loose material, — 
clay, quicksand, &c., surcharged with water. The area of the Box 
Tunnel is more than twice the size proposed for the Hoosac double 
track. During ita constru^tjion 4,000^000' gallons of water were 
pumped out daily. In the Kikby,. 3,00^^000^ gallons. In other tun- 
nels, where no difficulty was encountered, we have few or no detai^^ 
but know that the cost was much less. 

In the United States about 100 tunnels have been constructed on 
canals and railways, the longest being nearly two miles in length, but 
the details of a few only axe now accessible. In Table No. 7 will be 
found a list of near^ 200 tunnels, with such information i^spectini; 
them as I have been able to collect an4 condense m tabular ffnm.^ 

* Not published on acooant of length. 
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The portion of the Hoosac Tunnel embraced between the western 
entrance and the present shaft, a distance of 3,008 feet, will, from all 
indications, be the most troublesome and expensive. The material 
•consists of gravel, clay, sand, detached beds of quartzose sandstone, 
some of which is partly decomposed, and limestone. The wholfe 
"formation is full of springs, and a considerable stream, which may, 
however, be diverted, crosses ^e line of the tunnel about 800 feet 
from its mouth. 

The shaft, which is 325 feet in depth, is nbw full of water and 
cannot be examined, but I am informed that, with the exception of a 
few feet near the surface, it was entirely in mica slate. How far this 
Tock may extend westerly at the level of the tunnel cannot be deter- 
mined from the surface, but in all probability it will be found extend- 
ing with the slope of the mountain, at least as far as the small hollow 
about 650 feet west of the shaft. This will leave 2,358 feet through 
material of the character mentioned. An attempt was made to sink 
a trial .pit about 1,100 feet from the westerly end, but the water 
came in so rapidly it was discontinued, after penetrating through 
earth and gravel to a depth of 14 feet. 

By raising the grade at this end about 30 feet, which can be 
accomplished without exceeding the maximum in an easterly direc- 
tion on other portions of the road, the open cutting may be extended 
for a distance of 1,158 feet probably cheaper than to tunnel. For a 
part of the distance it might be advisable to cut a trench down to 
grade and then arch, and afterwards fill in with the material from the 
slopes on other portions of tile cutting. Some of the material to be 
excavated wiU require a fiat slope ; but as there will be a large amount 
of rock suitable for rough masonry, in portions of the cutting I would 
propose to build heavy bank -walls where necessary, and thus save ex- 
cavating a large amount of material and also the haulage of the rock. 
I estimate the cost of this open cutting, which will range from 25 to 
95 feet in depth, at $100,000. There will then remain 1,850 feet of 
tunnel to be excavated to reach the present shaft, and 20,166 feet 
between the shaft and the present heading on the easterly side of the 
mountain. Of the 1,850 feet, probably about 1,200 feet will require 
arching, and must be excavated entirely by hand labor and blaisting. 
If the work is resimied, I would urge that it be vigorously prosecuted 
at this end, so as to complete it as soon as practicable, and save the 
expense of pumping water and hoisting material from the present 
shaft, which wiU have to be done until this portion of the tunnel is 
made self-draining. It might even be advisable to sink another shaft 
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near the proposed new portal, where the depth would not be more 
than 90 or 100 feet. 

However bad the material may prove, this part, under proper man- 
agement, can be completed long before the rest of the tunnel. In the 
estimates, I will allow three years for its completion. I would advise 
the sinking of two or three trial pits to determine the character 
of the material in advance. Until it is known, any estimate on tliis 
portion will be quite uncertain. I will therefore put the cost, includ- 
ing lining, at 9160 per foot for 1,200 feet, and the remaining 650 
feet, or that supposed to be mica slate, at $B0 per foot. I wiU also 
allow 910,000 for a shaft and machinery. The whole will then amount 
to 8254,000 for 1,850 feet of tunnel, or at the rate of 8137.30 per 
foot. It may cost less, and possibly may cost more. 

The entire expenditure heretofore made at this end, of open cut- 
ting, and 550 feet of unarched tunnel, will be lost by raising the 
grade and extendmg the open cutting. Still, I consider it good econ- 
omy to do so. 

The following statements show the monthly progress made in exe- 
cuting several tunnels : — 



MONTHLY PROGRESS AT THE HOOSAC TUNNEL, 

As derived from the Returns on file in the State House^ Boston^ from 
October 1, 1860, untU the suspension of the Work^ July 1, 1861. 



HEADING. 
Commeneliig 1^ Feet fVom MiraOi of TnnneL 



1860, October 1 to 
'* December 1 

1861, January 1 
" February 1 
«• March 1 
«* April 1 
" May 1 



" June 
" July 



2 months, 131 feet. 

.... 58 

.... 53 

.... 43 

.... 56 

.... 50 

.... 57 

.... 43 



A.Terage progress per month, 54^ feet. 



BOTTOMING. 
Commencing 1.710 Feet from Mouth of Tunnel. 



1860, October 1 to) 

^2 months, 84 feet 
** December 1, j 

1861, January 1 47 " 

** February 1 48 " 

" March 1, 39 " 

" April 1, 50 " 

" May 1 45 « 

" June 1 56 " 

" July 1, 48 " 

Average progress per month, 46 feet. 
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KINGWOOD TUNNEL, BALTIMORE & OHIO RAILROAD. 
Progreu made %n driving the Headings, a« obtained from the WorJdng Profile, 



MONTHS. 



9 

10 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 



FBOGBES8 MADE FEB MONTH. 



From 
Western End. 



I 



Av. per 
month 



:} 



130 feet. 



ifo 



90 



M 



<( 



90 •• 

100 " 

130 " 

150 " 

90 " 

100 «* 

50 " 



1,040 feet. 



104 feet. 



From 
Eastern end. 



. • • 



• • • • • 

• . • • 

30 feet. 

70 " 

50 " 

65 " 

&5 '* 



20 



11 



• • • 



15 feet 



315 feet. 



45 feet. 



From 
Shaft Na L 



\ 



20 feet £. : 
20 " W 
30 " E. 
40 " W. 
25 « 
35 " 
25 " E. 
65 " W. 
bb feet. W. 



w.S 



From 
Bluift No. 2. 



... 



80 



« u 



100 «* 

125 " 

70 " 

40 " 

90 " 



•c 



fl 



«( 



u 



14 



820 feet. 



54i feet 



35 feet E. 

« 



40 ** " 

25 " « 

50 " " 

65 " " 
120 " " 
100 " " 
«... 

V 

• . • a 
a . • • 

> 5 mo. 135 ft. 



bS W. 

60 " 
60 " 

' • • . 



735 feet. 



49 feet. 



From 
Shaft No. 8. 



20 feet E. 

20 feet £. 
35 " W. 



30 



65 



« c< 



«< <l 



80 " " 

45 « w: 

70 « E. 

75 « « 

80 " " 

50 " " 

50 " « 



65 



« «< 



55 " " 
70 ** " 
90 ** " 



25 " " 

70 " «« 

2 mo. 215 foet. 



1,210 feet. 



63.7 feet. 



^ V. 



Average from ends, 79-^ feet. 



Average from shafts, 56.43 feet. 
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CINCINNATI & DAYTON RAILROAD 

TUNNEL. 

The following progress was made for 5 months daring its construc- 
tion, in 1853 : — 

North heading, from Apr. 28 to Nov. 20, 

368 feet, = 53^ feet per month. 

South heading, from July 20 to Nov. 20, 

268 feet, = 65 " " " 



• 



Average, 59J 



Heading from shaft No. 1, June 20 to 

Nov. 20, 336 feet, == 67 " « " 

Heading from shaft No. 2, June 20 to 

Nov. 20, 336 feet, = 67 " " " 

Heading from shaft No. 3, June 20 to 

Nov. 20, 300 feet, = 60 " " " 



Average, 65 



(C (C « 



The engineer, in frimishing this statement to Colonel J. W. Sever, 
remarks, that ''At no time has there been more than half a force 
employed, and now, only one third of a full force is engaged on its 
construction, owing, partly, to a scarcity of miners and common 
laborers, without which it is impossible to proceed with the maxi- 
mum degree of rapidity. The workings heretofore indicate the prac- 
ticability of advancing the heading at least 2^ feet in twenty-four 
hours, or, with operations at eight points, a total of 20 feet in twenty- 
four hours.*' And, in a subsequent letter to the same party, he 
says : — 

" During the month of December I succeeded in having full gangs 
worked in two different headings and one ledge, and the result was, 
that each of the headings was advanced 89 feet, and the ledge ^90 
feet." 



TUNNEL STATISTICS. 



Ids 



< 

Pi 

O 

< 



< 
o 

g 

O 

< 

p 




5 « 



^ rj: ^ » ^" ^ 3^ 




I 



o 
P$ 

•♦* 

P4 



o 
O 

I 



0» g - 



•a 





C4 






i i 

•s J S 

O P «3 



I 

at 



0) 



OB 

o 



25 



194 



ISSGtinStlR^ IBlfiPO^. 



SHAFTS. 

Monthly progress in sinking the shafts of the Kin^wood Tunnel on 
the Baltimore &; Ohio Kallroad, as obtained from the working profile : 





Shaft No. 1. 


Shaft No. 2. 


Sluit No. s. 


MoBtht. 


Bepdl 




Dipth 


"Ptogn^ 


Dtopth 


Vt9gnt§ 




of Shaft. 


per Month. 


Of SiMft. 


1^ Month. 


or Shaft. 


perMoBtft. 




fe«t 


Feet 


Finu 


Feit. 


Feet 


Feel. 


1 


^5 


35 


21 


21 


26 


26 


2 


67 


22 


37 


16 


37 


11 


8 


85 


1» 


54 


17 


52 


15 


4 


110 


25 


86 


32 


74 


22 


5 


120 


10 


104 


18 


74 


22 


6 


120 


10 


104 


18 


88 


14 . 


7 


120 


10 


144 


40 


122 


34 


•8 


170 


50 


157 


13 


165 


43 


9 


173 
per month, 


3 


170 


13 


172 


7 


Average 


^ 


fil 


24 



A 



Average for the three shafts, 24| feet per month. 



On the Cin^nnnati &. Dayton Bailroad Tunnel there are 3 shafts, 
199, 194, attd 152 feet in depth. They are elliptical in form, 20 by 
12 feet, and were sunk at an average rate of 35 feet per month, 
working two shifts in 24 hours, and part of the time short handed. 

The following table exhibits the monthly progress : — 



Shaft No. L 


Shaft No. 2. 


Shaft NO.S. 


February 1, . ,20 feet. 
March 1, . . , 20 " 
April 1, . . . , 37 ** 
May 1, . . . . 56 <* ^ 
7une 1, .... 38 ** 


• • 

February 1, . . .23 feet. 
March 1, ... 17 " 
April 1, ... 37 " 
May 1, . . . . 53 -•• 
June 1, . . . < 40 ** 


April t, . • 
May 1, . . 
JTune 1, . . 

Average, . 


. . 35 feet. 
.^. 35 " 
. . 38 " 


Average, • , .33 leet. 


Average, ... 84 feet 


. . 86 feet. 



SHAFTS. ^9^ 

Showing that the least month's work was 17 feet, and was when 
nearest the surface. The greatest month's work was 55 feet. The 
jxiatUaiai in the shafts, with the exception of 12 or 15 feet at the sur- 
&Qe, wjiich was yellow clay and soil, was indurated marl with a few 
layers of atone. The average cost per cubic yard, during April and 
May, was $3.10. And the engineer remarks, " There would have 
been no difficulty in sinking the shafts at the rate of 3^ feet per day 
of 24 hours (80 feet per month), had they been worked with regular- 
ity, full-handed, and systematically, which would have reduced the 
cost per cubic yard materially, as the expense of engine-men at the 
mouth of the pit, and foremen, would have been no greater than it 
was, while more work would have been done." 

At the Tamaqua Coal Mines, Pennsylvania, a shaft 10 by 18 feet, 
and 350 feet in depth, was simk in 1853-54. The followmg are the 
items of cost, when it was down to a depth of 336 feet : —^ 

Engine house and 60-horse power engine and boiler, . #6,840 00 

Timbering shaft, 1,975 00 

Cistern in shaft, 633 00 

Sinking 112 lineal yards, 26,605 00 

$36,053 00 

Equal to $107.15 per foot down. The rock was hard, and difficult to 
work, being without seams. Some months, a progress was made of 
20 and 21 feet working 2 shifts, but I am not aware of the average. 

A shaft of the Bleechingly Tunnel, lOj- feet diameter, and lined, was 
sunk at the rate of 3-^ feet per day, or 90 feet per month, to a depth 
of 51 feet. The cost was $22.81 per foot down. 

The shafts of the Blaisy Tunnel are from 328 to 646^ feet in 
depth, and cost $46.37 per foot dowyi ; progress per month not given. 
The shafts of the St. Martin's Tunnel, France, averaging about 120 
feet in depth, were sunk at the rate of 1 7 feet per month. 

At Magennis Works, near Pottsville, a shaft 14 by 18 feet, when 
down about 160 feet, is reported in the evidence on the Hoosac Tun- 
nel as having been sunk through rock at the rate of 3 feet in 24 
hours, or say 75 feet per month. 

A shaft at the Wearmouth Colliery, near Sunderland, was sunk to 
a depth" of 1,578 feet, through various strata of rock, in the course of 
ten years, or at the rate of 13^^ feet per month. This shaft, after 
being sunk 330 feet, through limestone rocks, tapped a spring, which 
poured out 3,000 gallons of water per minute, a^d required a uUtjfifo 
engine of 200-horse power to free it. 
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WELL, FORT REGENT, JERSEY. 

In the professional papers of the Corps of Royal Engineers there is 
a description of this work, which was sunk to a depth of 207 feet 
through compact sienite rock. The following tahle shows the prog- 
ress per month, and the price paid per foot : — 



DATE. 


Nofof Miner*. 
p«r Month. 


FNt Snnk 
per Month. 


FrioepAld 
per Foot 




1806, December, . 


14 


13 


60 


liTres. 


• 


1807, January, 


12 


^ 


72 


(C 




" February, . 


12 


3 


96 






" March, . . 


12 


9 


108 


t* 




« April,. . . 











It 




« May, . . . 


12 


6 


120 


« 




** June, . . . 


12 


11 


108 


(C 




« July, . . . 


12 


Sh 


108 


(( 




" August, • . 


12 


m 


111 


(1 


Including incidental 


** September, . 


12 


10 


108 


<( 


expenses, the whole 


" October, . . 


12 


H 


108 


<c 


cost of the work was 


" Koyember, . 


12 


9 


108 


(( 


about £3,000, or $70 


" December, . 


12 


9 


108 


it 


per foot down. 


1808, January, 


12 


H 


108 


(( 




" February, . 


12 


7i 


108 


« 




'* March, . . 


12 


10| 


108 


« 




( " April,. . . 


12 


9 


108 


(( 




« May, . . . 


12 


1^ 


108 


« 




" June, . . . 


12 


13 


108 


«( 




« July, . . . 


12 


10 


108 


(( 




" August, . . 


12 


111 


108 


« 




" September, . 


12 


H 


108 


« 




" October, . . 


12 


9 


108 


« 






207* ft. 




Arerage per month 


. . • . 


9.4" 
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DEPTH, &c., OF CELEBRATED MINES IN EUROPE AND AMERICA 

{From Vre*8 DicHonary,) 



MINES. 


Depth of the 
Principal 

Shafts. 


Quantity of Water 
per Minute. 


At. annu*l 

Expenie of 

Drainage. 


No.dT 

Men 

employed 


Consolidated and Un. Mines, Cornwall, 


1,488 ft. 


2 to 3,000 galls. 


£12,700 


2,500 


4( 4( it 4< « 


1,650 " 


These mines 


are work 


ed to a 




depth of 


1,370 ft. below 


the sea. 




Tresvain Copper Mine, 


2,180 ft. 








Veta Grande Mines, Mexico, . . . 


1,092 " 


about 80 galls. 


£20,000 


900 


it tt tt « 

• • • 


828 '* 








Mine of Valenciana, Mexico, . . . 


1,860 ". 


about 110 galls. 


£40,000 


3,100 


Mine of Himmelfurst, Saxony, • . . 


1,080 " 


50 galls. 


. . . 


700 


Mines of Sweden, 


1,290 " 








Salt Mines, near Cracow, . . . . . 


1,783 " 








Wearmouth Colliery, England, . . . 


1,578 " 








VictoriaTlolliery, Scotland, . . . . 


1,038 " 









The coal pit at Dunkenfield, in Cheshire, England, is 2,004 feet 
below the surface to the point where it intersects the " Black Mine 
Coal," a seam that is four feet six inches thick, and of the best qual- 
ity for domestic and manufacturing purposes. From this point a fur- 
ther depth of 500 feet has been attained by means of an engine plane 
in the bed of the coal, so that a great portion of the coal is raised 
from the enormous depth of 2,504 feet. 

At Pendleton, near Manchester, coal is daily worked ifrom the 
depth of 2,505 feet, and the coal of Wiggan is brought from 1,773 
feet below the surface. Many of the Durham Collieries are equally 
deep. 
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SUMMARY OF PROGRESS MADE IN SINKING SHAFTS. 



NAME. 



HoosaCy 

Singwood, 

Cincinnati, 

Tamaqua, 

PottSTillCy 

Bleechingly, 

St. Martin'^8) » • . . . 
Wearmouth, . .. • . . 
Fort Regent, • » . • • 



Depth of Shaft. 



Feet. 

325 
172 
195 

350 

160 

51 

70 to 176 

1,578 

207 



Feet per Month. 



Feet. 
22 

24| 

dik 
20 
75 
90 
111 to 20 
13| 



MATERIAIi. 



Mica slate. 

Coal shales and limestone. 
Marl, clay, and limestone. 
Hard rock, work'g 2 shifts. 



« 



(( 



it 



u 



Clay and shale. 
Red porphyry, 2 shifts. 
Limestone, shales, &c. 
Sienite rock. 



Average of the aboTc, 32 feet. 



It will be observed that there is a considerable difference in the 
progress made in the several tunnels and shafts. Scarcely any two 
are alike in character of material, quantity of water, and facilities for 
working. The Hoosac Tunnel, in my opinion, by working three 
relays of skilled miners in 24 hours, may be prosecuted &om the 
ends at fully the average of those given, and which nearly coincides 
with the actual progress made for 9 months in 1860-1. The rock in 
the main body of the mountain, so far as penetrated, is favorable, and 
the indications on the surface are, that there will be no material 
change in its character. If any harder or different material was 
underneath, the dip of the stratification is such, that for more than 
f of the length of the tunnel it must crop out, and show on the sur- 
face. In working from the central shaft, however, in consequence of 
the dip of the rock changing from east to west, and from its lying 
more nearly horizontal, it will be more difficult and costly to remove, 
and the same progress cannot be made as from the ends. I will 
therefore allow 55 feet per month as the average that can be made 
from the end workings, and 40 feet from the shaft workings. 

The progress that can be made in sinking a shaft of the great 
depth required at the Hoosac, is altogether more uncertain and prob- 
lematical, depending largely on the quantity of water met with. I 



TIME AND COST. 1&9 

will assume, however, that it oao be cozupleted at an average rate of 
21 feet per month, which is about the progress represented as having 
been made in sinking the present shaft. This wiU complete it in 48 
months. 

The cost o^ the tunnel, for a double track, exclusive of the 1,850 
feet at the west end, I estimate at $80 per foot run, on the average. 
This to include all the miscellaneous and contingent expenses con- 
nected with the excavation, drainage, hoisting, pumping, ventilation, 
haulage of material, and also the arching of 2,000 feet if found neces- 
sary. The sinking of a central shaft, I estimate at $175 per foot 
down, including miscellaneous and contingent expenses, as above. 

As to whether the cost would be reduced by the use of drilling 
machinery, I think somewhat uncertain. I have no reliable informa- 
tion of the cost at Mont Cenis, and there has been too little experience 
otherwise to determine satisfactorily. 1 will therefore assume that 
the cost will be the same as by hand labor. The saving to be effected 
by using machinery will thus be confined to the interest on capital 
expended. With these data, the time required and the cost on the 
several plans will be as follows : — 

1. — By wobkikg fbom the Enbs, and pbesent Shatt only. 

Whole length of proposed tunnel, 24,416 

Deduct portion already excavated at east end, . 2,400 
Deduct portion between present shaft and pro- 
posed western portal of tunnel, .... .1,850 4,250 



Leaves to be excavated under mountain, 20,166 

Time, — During the three years, while thts 1,850 feet of 
tunnel and the open cutting at the western end are being ex- 
cavated, the work will be in progress from the eastern end, 
and also from the present shaft, as follows: — 

Feet. 

From eastern end, 36 months at 55 feet, . . . 1,980 

" shaft " " " 40 " ... 1,440 3,420 



Leaving to be excavated at the end of 3 years, . . . 16,746 
and 16,746-7-2 X 55 =153 months, or say 13 years, 
which, added to the 3 years above, gives 16 years 
for the completion of the tunnel. 
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Cost — 1,850 feet at west end, at 8137.30, .... 8254,000 
20,166 " under mountain, at 880.00, . . 1,613,280 
2,400 " already excavated, to be enlarged, 

at 825.00 ^ . 60,000 

1,200 " of open cutting, * . 100,000 

5 miles of railway superstructure, at 89,000 45,000 
Contingencies, including management, engi- 
neering, &;c., 250,000 



82,322,280 



2. — By sinking a Central Shaft. 



Length to be excavated under mountain, as in 

estimate No. 1, ^ . . . . 20,166 feet. 

Time, — During the four years, while the central shaft is 
being sunk, the work wiU be in progress from the eastern 
end, and also from the present shaft and western end : — 

Feet. 

48 months at eastern end, at 55 feet, • • . 2,640 
36 " from present shaft " 40 " ... 1,440 
12 " from western end, '' 55 '' . . . 660 4,740 

Leaving length of tunnel to be completed at 

the end of 4 years, 15,426 

There will then be two end and two shaft faces to work from, 
which will give a monthly progress of 2 X 55 and 2 X 40 = 190 feet ; 
and 15,426 — 190 = 81 months, which, added to the 48 months in 
sinking the shaft, gives, say 11 years for the completion of the 
tunnel. 

Cost — 1,850 feet at west end, at 8137 30 . . 8254,000 
20,166 " under mountain, " 80 00 . . 1,613,280 
2,400 " to be enlarged, " 25 00 . . 60,000 
Sinking central shaft, including machin- 
ery, 1,000 feet, at 8175 00, 175,000 

Open cutting, 100,000 

5 miles of railway superstructure, at 

89,000, 45,000 

Contingencies, including engineering, .... 200,000 

82,447,280 
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3. — By using Dbii^ling Machineky as at Mont Cenis. 

Length of tunnel to be excavated under mountain, 

as in estimate No. 1, 20,166 feet. 

Time. — The progress now mstde at the Mont Cenis Tunnel is 
represented to be 120 to 140 feet per month. At the Hoosac, a 
progress of 120 feet per month at each end, or 240 feet from both, 
would complete the tunnel in 84 months, or 7 years. 

Cost. — Say, same as No. 2 estimate, ..... $2,447,280 

4. — By USING Dbilling Machinery from Central Shaft 
when completed, the time would be reduced to 6 years, and at an 
additional cost of probably $100,000. 



INTEREST DURING CONSTRUCTION. 

In the following comparative table of cost, I have added interest 
during construction, at the rate of 6 per cent, per annum, and 
assumed that the expenditure would be made at a rate nearly uni- 
form : — 



2 
3 

4 



STATEMENT. 



Working from ends and present shaft, 

by hand labor, 

By sinking a central shaft, .... 
By power drills, as at Mont Cenis, . 
using central shaft, . 



« it 



(( 



Time 


Estimnted 


Intereit 


to 


Cost of 


during 


Complete. 


TanneL 


Construction 


Years. 





9 


16 


. 2,322,280 


1,515,600 


11 


2,447,280 


983,500 


7 


2,447,280 


575,300 


6 


2,547,280 


502,900 



Total cost, 
Including 
Interest. 

$ 

3,837,880 
3,430,780 
3,022,580 
3,050,180 



N 
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STJMMARY OF COST OF COMPLETING ROAD AND TUNNEL. 



• 


Oradlttg, BCwcmTy, 

Bridging, and 

Sapentrueture. 


Land Damages 
and Fencing. 


ToteL 


Greenfield to Shelborne Falls, . . . 


$186,759 00 


$15,990 00 


$202,749 00 


Shelburae Falls to E. end of Tunnel, 


184,211 80 


33/)30 00 


217,241 80 


Tunnel and open cutting, .... 


2,447,280 00 


2,000 00 


2,449,280 00 


Two miles of road from west end of ' 








Tunnel to North Adan&, includ- > 


55,000 00 


12,500 00 


67,500 00 


ing station grounds, . . . • ^ 








Improving alignment of road from f 
Greenfield to Tunnel S 


150,000 00 


5,000 00 


155,000 00 




$3,023,250 80 


$68,520 00 


$3,091,770 80 


Depot buildinss and fixtures. ...•••..«, 




100,000 00 
250.000 00 


Locomotive engines and cars 


Miscellaneous 


50,000 00 








$3,491,770 80 


Add interest during construction of road and tunnel, 


• • • • • 


1,000,000 00 


Total 


$4,491,770 80 


* > •.•....•..•.....,».., 



By calculating interest at 5 per cent., there would be a reduction of 
$200,000 on the estimated cost. 



i 



COMPARISON WITH OTHER ROUTES. 

That a large amount of business would be done on the road, when 
the tunnel is completed, may be admitted. With Boston at one end, 
Troy and the Erie Canal at the other, and the boundless West beyond, 
there is no room for doubt. But to make such a road pay, it must 
not only have a large business, but one of such magnitude as to be 
aomewhat commensurate with the cost of the work. The travel and 
freight between the places indicated have other channels which they 
now follow, and the question naturally presents itself, Will the road, if 
completed, have such advantages over these lines as- to obtain suffi- 
cient business for its support ? We have seen that the local business 



^ 
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is of no great magnitude, and would not sustain the road. We must, 
therefore, now inquire what ar^ the comparative merits of the Troy & 
Greenfield Railroad with existing lines. Heretofore, in estimating 
the probable income, the through business has been mainly relied 
upon, and flour, for the Boston market and for exportation, has been 
the chief item. And, undoubtedly, any road that can carry this im- 
portant staple cheaper than existing lines, and especially for exporta- ' 
tion, will obtain a large amount of other freight, and be of great 
advantage to the State. 

Flour is now brought from the West to Boston by five different 
routes : — 

Ist, via Western Railroad. 

2d, " Rutland & Fitchburg Railroads. 

3d, " Vermont Central. 

4th, " Portland & Montreal. 

5th, '* Hudson River and Long Island Sound. 

The following tables exhibit the length of railroad, and of lake and 
sea navigation on these several routes, from Lake Erie to Boston ; and, 
in order to show, approximately, their relative merits, I have carried out 
the cost of transporting one ton of freight at the following rates, viz. : — 

1 j- cents per ton, per mile, on railroads. 

7} mills per ton, per mile, on canals. 

5 mills per ton, per mile, for river navigation. 

3 miUs per ton, per mile, for lake navigation. 

4 mills per ton, per mile, for sea-coast navigation. 

These rates may be considered as the lowest at which flour or other 
heavy freight, in large quantities, can be carried throughout the sea- 
son, and afford a living profit to the transporters. 

STATEMENT SHOWING THE COST OF TRANSPORTING 
ONE TON OF FREIGHT FROM LAKE ERIE TO BOS- 
TON, BY SEVERAL ROUTES. 

By Erie Canal and Western Railroad. 



Buffalo to Albany, by Erie Canal, 364 miles, at 7^ mills, $2 73 

Albany to Boston, by Western 

Railroad, 

Transhipment at Albany, ... 20 

^5 93 

564 



1 200 " " 15 " 3 00 



y 
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By Welland Canal, Lake Ontakio, Oswego and Erie Canals, 

AND Western Railroad. 

Welland Canal, 28 miles, at 7J mills, $0 21 

WellandCanaltoOswego,through » 

Lake Ontario, .... ) 
Oswego to Albany, by Oswego & » 

Erie Canals, J ^ 

Albany to Boston, by Western ) 

^ ' -^ ' 200 ** " 15 " 3 00 



} 



Railroad, 

Transhipments at Oswego and) 

Albany, ) 

1^5 61 

582 



By Welland Canal, Lake Ontario, and Ogdensburg, Rutlan-d, 

and fitchbtjrg railroads. 



Welland Canal, 28 miles, at 7^ mills, $0 21 

Welland Canal to Ogdensburg, \ 

by Lake Ontario and St. Law- > 230 " "3 "0 69 

rence River, ^ 

Offdensburff to Boston by Rail- ) 

. f 386 " " 15 " 5 79 

road, > 

Transhipment at Ogdensburg, . 20 

$6 89 

644 



By Welland Canal, Lake Ontario, and Ogdensburg anb 

Vermont Central Railroads. 



Welland Canal, 28 miles, at 7^ mills, $0 21 

WeUand Canal to Ogdensburg, \ 

by Lake Ontario and St. Law- > 230 " "3 "0 69 

rence River, ^ 

Ogdensburg to Boston, by Rail- | ^^^ ^^ ^^ ^^ ,^ ^ ^^ 

road, ) 

Transhipment at Ogdensburg, . 20 

^ — $7 10 

658 



. # 
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Bt Welland Cakal, Lake Ontario, Oswego and Erie Canals, 

AND Tboy & Gbeenfield Railboad. 

Welland Canal, 28 milejs, at 7^ milh, $0 21 

Welland Canal to Oswego, through ) t ^c ,« 44 « «< a 40 
Lake Ontario, ( 

Oswego to Troy, by Oswego & | ^02 " « 74 " 1 51 
Erie Canals, ) " 

Troy to Boston, by Troy & Green- ) ^^^ ,, ,, ^^ ,, ^ 86 
field Railroad, ) 

Transhipments at Oswego and > ^ .^ 

Troy, J 

566 $5 41 

From the above tables, it w^l be seen that the Tunnel route has 
the advantage over all the other railroad lines to Boston, of from 20 
cents to $1.69 per ton, which, at ten barrels to the ton, is equal to 2 
cents and 17 cents per barrel of fiour. The water route, however, by 
Hudscm Biver and Long Island Sound, is 41 cents per ton, or 4 cents 
per barrel cheaper than by the Tunnel route. 

There are, no doubt, many modifying causes on the several routes 
which it is impossible to incorporate in . such estimates,, but these, it 
is believed, would not materially afiect the general conclusions to be 
derived from the tables. No account is taken of difference in grade, 
curvature, &c., which, obviously, to some extent, would modify the 
calculations ; the cost of fuel and conveniences for transhipment, also, 
have an important bearing in determining the price at which freight 
can be carried on railroads ; also the facilities for obtaining return 
freights. It is found that the tonnage of the agricultural productions 
©f Ae West is nearly four times greater than the return freights of 
merchandise and manufactures from the East. 

The Rutland and Fitchburg, Vermont Central, and Montreal &. 
Portland routes, from their greater length of railroad transport, cannot 
compete on equal terms for the through trade, with the Western and 
Troy & Greenfield Railroads ; their paying business must, to a large 
extent iJb local, or in supplying districts to the north and east of Bos- 
ton. The determination of the question, therefore, of the best route 
for the trade between Boston and the West, is reduced to a compari- 
son between the Western and the Troy & Greenfield Railroads, and 
the water route by the Hudson River and Long Island Sound. 



DISTANCES, Ac, OP WESTERN B. B. AND TUNNEL ROUTE. 207 



^ ST" 



so 



•0 gf 






S 


^ So ^ 
»^ n '<^ 
t^ 00 94 


1-4 


ll 


"^ 1-1 








«*. 






!■ 




1 


1 ^ S 




g 


•2 S?-^*' 


• 

as 


1 


^^•^ 




1 


^^ 


O 




• 

C4 


S 

p 




"<»< 




•". n 


s 




OB Of 


M 




« <-S 


g 


8 


s 


» 


^ 




te 


«> rH »! 




e 


V . O 






«M fr* «M 




^ 












*" SSk 


^ 




* A 


s ''*< 


2 C 


h »• 


1^ 


«» «a 4i* 
V V 4> 


M 


§ g ^ 




«o » OS 




•> M •> 


a% 


■S 


^ «0 1-4 


o 


|i 




t-4 


H - 


• 1 








o 






K . 


M n 




^ S 


2m ■« '•^ 


>-4 




I^Hs 


• 


to 




V* 


J 








• 1 


M 

»« 




• i 


, 2 




• < 


• Pi4 




^ 


e« 




'9 ' 

CI 


• « 




s • 






& . 






T! * »x 




S - s 
1 -s « 




O O 4.> 




b C ee 




o *:H «) 




^«^ 




s 5 ^ 

o is s 






** BB IS 




« q> ^ 






S^ 


■ < 


1 



H 
P 
O 

& 

H 



da 
p 

O 

GO 

o 

H 



O 

H 
CO 



•d 










e« 


-^ 






CO 


s « 

a> a 




g 


II 

1-4 




55 




s 


1 « 






»H 










(4 












n 




• 

64 


? 


S, Sj 


^ 2 






. <£ 




•< 


J3 


s 3 


4 




1 < 




« 












"^ 




O 


< 
















8 


• 
















D 


^ 






• 






' M 




•4 


e 




• 


e 
c 


1 
i 




1 




< 
















h. 
















h 


w 


> • 




rfJ 


I i 


i n 




:S 5 


^ 


: <ti 


c; «« 


V. 


I' 

c 


> »- 




4 ■ 


oc 




O CO 


§ 




1 £ 

1 


•* 


8 ^ 






1-< 


»^ 


' p 


> ^ 




t 
















2 • 
















49 


^^ 




^4 






<9 




8= £. 




; i § s s 

1 as CD O CM 


1 ? 

1 cs 


1 oc 


i 


- «=> 




» CI 


•k 

^ 








o 


1-2 














t-t 


H 
































■ 


















4 


» • 


?§ 


4 


» 

4 


» 


i s. 






1 00 


r* »>- 


cc 


> cc 


> -It 


1 i-H 


ta 


«: 


> •* 


eo 






CC 


» CD 


B 
















.3 




















• 
1 • 








k 4 


k < 
ft 1 


k 














k < 


k 


ft 






o 


















> fl 








> < 


k i 


ft 


• 




»4 

. o 
o 








1 < 
k < 

» < 


k 4 

k 4 
» 1 
k 4 
k 1 

» 1 


> 

1 

1 








• sz; 








» 






••M 
















> ctf 


o 




' 


» 1 


1 




t 


to 

rl 

: S 


2? 


a 

Id 

CG 




e 

1 :^ 

1 


1 


1 






1 ri 


u ca 


^ 


> E 


! ^ 


t 






; S 


S o 


« 


»• 


1 c 


i 




pi 


3 o> 
O ki 


(4 


;^ 




» 




s 


P ^ 


Q O 


»« 


1= 


• FC 


1 




i: 


1 § 

s 


2 « 


■< 

1 

c 


II 

5 


it 
> > 

c 


■» 
1 






b 


1 p> 


C 


> H 


jz; 


(^ 


H 





i 






03 



E 

9 
m 

s 

s 



208 



engineer's beport. 



COMPARATIVE VIEW OF THE WESTERN RAILROAD AND TUNNEL 
ROUTES, EXTENDING FROM BOSTON TO THE HUDSON RIVER. 



STATEMENT. 



Length, 

Total amount of curvature, . . 
Least radius of curvature, . . . 
Maximum grade, ascending west, 
" " " east. 

Total rise and fall, * . . . . 



YiA Wcttera Railroad 
to Albany. 



200 miles. 

10,094 degrees. 

600 ft. for 900 ft. 

83 ft. for 1^ miles. 

75^ feet. 

6,851 " 



via Tunnel Bonte 
to Troy. 



191 miles. 

10,605 degrees. 

716 ft. for 4,192 ft. 

69.7 feet. 

52.2 «* 

4,760 «* 



DiAmi06. 



9 miles. 
511 deg. 
116 feet. 

13.3 " 

23.3" 
2,091 « 



The advantage, it will be observed, is nniformly in favor of the 
Tunnel route, except as to amount of curvature, but not to such a 
marked degree as would prevent a fair competition. If the compari- 
son was extended to Schenectady by railroad from Albany and Troy, 
the saving in distance would be only 5 miles. But by canal, the dif- 
ference would be increased to 16 miles in favor of the Tunnel route. 

The great amount of curvature of small radiiil^ on the Troy ds 
Greenfield Railroad would more than offset the shorter distance by 
that line, and I have no doubt that the Western road can be run over 
in the same time, and with greater safety than the Tunnel route. The 
reduced maximum grade on the latter is a decided advantage. A loco- 
motive engine of 20 tons weight, with 14 tons on the drivers, will draw 
138 tons gross on the Tunnel route, and 97 tons on the Western road. 

Steep grades, however, are not found so objectionable in practice, 
on roads doing a general freighting business, as they were at one 
time considered. The increased weight of locomotive engines, and 
the distribution of that weight on a number of driving wheels, has over- 
come the leading mechanical difficulty ; while, by using assistant engines, 
or a heavier class of engine, where the steep gradients occur, their ef- 
fect on the cost of transportation is confined to that portion of the road. 

Between Springfield and Pittsfield, where the steepest gradients 
occur on the Western Railroad, a heavier class of engine is used than 
on other portions of the road. And on the Vermont & Massachusetts 
road a heavier engine is necessaury, in consequence of steeper grades, 
than on thfe Boston & Worcester, or Albany & West Stockbridge roads. 
The cost of locomotive power, which is the principal item affected 
by gradients, forms only about one third of the gross expenses of work- 
ing a road, and of that one half only is much affected by the grade 
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ix load. Two tl^s of the expenses are independent of either gr^de 
c^ load. We accordingly find it difficult to distinguish, in the returns 
of raibroad companies, the additional expenses in operating roads aris- 
ing £rom grades. Frequently those with the highest are worked at the 
least expense. There are other causes which operate to some extent. 
Trains are rarely run with full or maximum loads. To accommodate 
business, numerous trains are required ; and when roads receive a 
Hiaterial access of business, it is met more frequently by increasing the 
number of trains than by increasiug the load. This is universally the 
case with passenger travel. And with freight, in order to meet the 
fluctuations in the amount offered, and prevent accumulation at the 
depots, it is found advantageous to run extra trains. * There are 
exceptions to this general rule, as in coal railroads, where the trains 
can always be run with maximum loads. 

As a through line, then, from the Hudson Eiver to Boston, the 
Tunnel route will divide the business with the Western Eaihroad, and 
will have the advantage in the actual cost of transportation, of 2 cents 
per barrel ^f fiour, due to its shorter length, and a further advantage 
of from 1 to 1^ cents, due to its reduced maximum grade and summits. 
As a pajBsenger road, I consider it inferior to the Western Railroad. 
The great amount of curvature of small radius on the Troy & Green- 
field lUikoadj unsuits it for &st driving. 

COMPARISON WITH WATER ROUTE, VIA HUDSON 
RIVER AND LONG ISLAND SOUND. 

By the tables, we find that the cost of carrying a barrel of fiour is 
4 cents less by packet from Albany to Boston than by the Tunnel 
route. There are several extra expenses, however, in shipping by 
water, x«rhich, although not paid as freight, are fairly chargeable to 
the cost by water. There are interest on capital employed, wharfage 
and insmrance, and also deterioration of the fiour from dampness by 
the sea voyage, which, together, amount probably to more than the 
difference above stated, of 4 cents per barrel. 

Until the year 1847, Boston received her principal supply of flour 
from the West by water. But since then the quantity so received 
has been continually decreasing. In 1861, 980 barrels only were 
brought by water from Albany, and 14,084 from New York, while 
more than one million barrels were brought in on the several railroads. 
During the same year, 126,000 barrels were brought from Baltimore 
and Philadelphia, and 1 68,000 via Portland. Dealers give a decided 
preference to railroad transportation, even at some increase of cost. 

27 
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During the winter, when the navigation of the Hudson is closed, 
the raiboads monopolize the business of carrying flour, and generally 
increase their rates. 

But during the summer, in ordinary times, the charges by water are 
lower than by rail. A reduction of a few cents per barrel, however, is 
of great importance, sufficient, in fact, when maintained, to turn the 
course of trade. How far the 8 or 4 cents, which I estimate the 
Tunnel route as possessing over the Western Railroad, would affect 
shipments by water from New York, Philadelphia, and Baltimore, I 
have not the means of determining. 

If we admit that the water route possesses nearly equal advantages 
to the Tunnel route, Bos.ton cannot, except by lower sea rates or other 
concessions, compete with New York in exporting flour. The freight 
and insurance from New York is against her, equal to 10 to 13 J cents 
per barrel. New York City, by means of the Erie Canal and Hudson 
River, possesses advantages for exporting breadstuffs that no railroad 
call neutralize. Canal boats, carrying 250 tons, can proceed from Buf- 
falo to New York without breaking bulk, thus saving delay and expense 
of transhipment. Frequently flour and other western products are 
unloaded directly from the boats into the vessel which is to carry them 
across the ocean. Fleets of these canal boats and barges are nightly 
towed down the river, diuing the season of navigation, at a cost of 
from 3 to 6 cents per ton for towage for the whole distance. No 
railroad can compete with such means of transportation. The Hudson 
River and the Harlem Railroads make no pretence of doing so for 
agricultural productions, which, being of considerable bulk and weight 
in proportion to their value, seek the cheapest conveyance without 
much regard to the rapidity of movement, while merchandise and 
manufactures seek, in proportion to their greater value, more speedy 
transport, without much reference to cost, and therefore are, to a con- 
siderable extent, sent by rail. The former includes by far the largest 
amount of tonnage moved. 

It is not alone in her water communications that New York has the 
advantage over Boston in her connections with the West ; her railroad 
routes are also shorter. Thus, from Buffalo to New York by the Erie 
Railroad is 423 miles, and by the New York Central and Hudson River 
Railroads 443 miles, while from- Buffalo to Boston by the New York 
Central and Western Railroads is 498 miles, and by the Tunnel route it 
will be 493 miles. A difference of 50 to 75 miles in favor of New York. 

Boston, on the other hand, has the advanta^ of being some 200 
miles near Liverpool, and it is claimed that her harbor has deeper 
water and better facilities for the despatch of vessels than New York ; 
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also, that her port charges are less. But these again at present are 
to a certain extent neutralized by the greater advantages which New 
York affords for obtaining return freights. 

It has been claimed that any increase of through business could be 
done more cheaply by the Western Railroad than by a new road ; that 
it would be a tax on the public to support both. This view of the sub- 
ject ^s applied to the Western and Troy & Greenfield roads, is nar- 
row and limited. They are far apart, from 20 to 30 miles for three 
fourths of the distance ; and while for the Boston or through business 
they would be competing lines, each would have its own section of 
country to supply and accommodate. 

The following table exhibits the saving in distance effected by the 
Tunnel route, to the principal cities and manufacturing towns in 

Northern and Eastern Massachusetts : — 

t 

TABLE OF DISTANCES BY RAILROAD FROM TROY AND FROM 

ALBANY. 



TOWNS. 



Boston, . 

Lowell, 

Nashua, 

Manchester, K. H., . . . 
Lawrence, ....... 

Salem, via Boston, . . . 
Newburyport, via Boston, . 
Portsmouth, via Lowell, 
Groton Junction, .... 

Fitchburg, 

Sterling Junction, .... 

Lancaster, 

Greenfield, ....... 

North Adams, 

Northampton, via "Westfield, 
"Worcester, 



From Albany 

via 
Western R. B. 



MUeB. 
200 
201 
202 
219 
214 
216 
236 
256 
184 
182 
168 
175 
138 
69 
107 
156 



From Troy 

via 

Tunnel Route. 



Miles. 
191 
172 

173 

190 
185 
207 
227 
224 
155 
140 
154 
161 
84 
48 
103 
166 



Distance sayed 

by 
Tunnel Route. 



Miles. 

9 
29 
29 
29 
29 

9 

9 

32 
29 
42 
14 
14 
54 
21 

4 



212 engineer's report. 

Competition is the life of business ; it develops resources, which, 
without its stimulating effects would lie dormant, and without it indi- 
viduals as well as corporations seek their own interests, without con- 
sulting those of the public. 

It is but a short time, comparatively speaking, since the Erie and 
Pennsylvania Canals were the only public works for transporting 
jfreight to or from the West. The New York Central, the Erie, Bal- 
timore & Ohio, and Pennsylvania Central Railroads have all been 
brought into use in succession, without aflBecting the receipts of the 
other lines, which have all continued to increase. And in New Eng- 
land, the Western Railroad, the Vermont Central, the Rutland, and 
the Portland routes have been opened without interfering seriously 
with the receipts of each other ; they may, no doubt, have prevented 
a more rapid increase on the older roads, but it is difficult to trace 
any markeil diminution in their previous receipts. The same, im- 
doubtedly, will be the result by opening the Troy & Greenfield Rail- 
road, more especially as it will be many years, even if vigorously pros- 
ecuted, before it can interfere or compete with the business of exist- 
ing lines. 

That some of these railroads do not now do a profitable business is 
due to the fact that they possess no advantages, but are inferior to 
the older lines. 

When the Western Railroad was commenced, the total tonnage 
coming to tide water by Erie and Champlain Canals, was 600,000 
tons. It now amounts to over 3,000,000 tons. 



HOW SHOULD THE WORK BE COMPLETED — BY A 
CORPORATION OR BY THE STATE? 

Looking at the fact that it is more than twelve years since the 
charter was granted for the construction of the road, and eight years 
since the pledge of the State was given for a loan of $2,000,000 to 
aid the work, and recollecting that it has been kept continually before 
the public during this long period, and great efforts made to raise the 
necessary means for its construction, but without success, we may, I 
think, accept these facts as evidence, if not of the want of commercial 
value in the project » at least as evidence of the inability of a corpo- 
ration to carry it through without further aid. And, admitting that 
it is desirable and for the interests of the State that the work 
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should be completed, the question occurs whether it should be fur- 
ther aided in the hands of a corporation, or be undertaken as a State 
woik. 

Government and State works are proverbially costly ; and it would, 
in my opinion, be infinitely better for Massachusetts to increase her 
aid than to undertake the work as a State. How much additional 
aid migbt be necessary to induce a responsible corporation or capi- 
talists to embark in the work, who by investing their own money 
would evince their confidence and determination to complete the 
work, and thus secure all the benefits of an interested, economical, 
and judicious management, perhaps can only be determined when 
parties of undoubted financial ability and integrity are willing to 
undertake it. 

Had capitalists entire confidence in the feasibility of the tunnel 
and the commercial value of the work, the means would be speedily 
forthcoming. The Haxmibal & St. Joseph Railroad, Sault St. Mary's 
Canal, Illinois Central Railroad, and many other works of internal 
improvement, may be cited as examples where individuals have 
embarked their capital, when otherwise aided, on the faith of the 
eventual commercial value of the works ; which works would not 
have been undertaken for many years without such extraneous 
aid. 

There is a limit, however, to granting aid to a project of this kind, 
beyond which it would not be advisable to go. Capitalists are chary 
of investing in projects which will require many years before they can 
expect returns. This, together with the want of confidence in the 
value of the work when completed, based on the unproductiveness of 
some of the existing lines which had calculated largely on through 
business for support, might prevent responsible parties from embark- 
ing in it, unless on condition of too large advances being made by 
the State. 

That the tunnel is perfectly practicable, no one acquainted with 
what has already been accomplished on public works, and more espe- 
cially in mining operations, can for a moment doubt. And I consider 
the question of its commercial value and the benefits to the State, 
local and general, as being the ruling or main considerations which 
should determine the advisability of its prosecution. 

I have, however, neither data, time, nor ability to go fully into 
these subjects, even if they had been embraced in my instructions, 
and present them within the time you require, the surveys and esti- 
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mates kave occupied me so fully since their commencement in Sep- 
tember last« But your Board are so fully qualified to decide, I pass 
them over with the single expression of opinion, that the Hoosac 
Tunnel, although its construction may be delayed, is destined eventu- 
iilj to be completed. 

I have the honor to be, sir, 

Your most obedient servant, 

JAMES LAURIE, C. K 
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TABLE No. 1. 

TABLE OF GRADES ON PRESENT LOCATION OF THE TROY & 
GREENFIELD RAILROAD FROM GREENFIELD TO NORTH ADAMS, 



Distance 
fh>m 


Length of 
Orude 


Grade 
per Mile 


Total. 


Elevation 
of Grade 










LOCALITY. 


Greenfield 


In Miles. 


in Feet 


Ascent 


Descent 


above Tide 




in Milea. 






in Feet. 


in Feet. 


Water. 




0.000 








# # . 


182.4 

188.6 


Greenfield. 


0.189 


• • • 

0.189 


31.68 


6.2 


. • . 


Green River. 


1.457 


1.268 


58.63 


74.4 


. • . 


263.0 




1.64o 


0.189 


31.68 


6.0 


• • . 


269.0 


Sheldon Brook. 


2.083 


0.438 


56.24 


24.5 


. • • 


293.5 




2.273 


0.189 


13.20 


2.5 


• • • 


296.0 . 




2.462 


0.189 


26.40 


• • • 


5.0 


291.0 




2.651 


0.189 


10.56 


2.0 


... 


293.0 




2.841 


0.190 


36.96 


• « • 


7.0 


286.0 


Hawkes' Ravine. 


2.992 


0.151 


33.00 


5.0 


• • • 


291.0- 




3.257 


0.266 


33.94 


. • . 


9.0 


282.0 




3.276 


0.018 
0.360 


LereL 






282.0 
289.0 


, 


3.636 


20.50 


7.0 


. • • 




3.996 


0.360 


20.50 


■ • • 


7.0 


282.0 


' 


4.015 


0.019 
0.265 


Level. 






282.0 
293.0 




4.280 


41.48 


ft 9 • 

11.0 


• • • 

• • « 


(East end of Stillwater trestle 


5.246 
5.568 


0.966 
0.322 


17.60 
34.15 


• • . 


17.0 
11.0 


276.0 
265.0 


C bridge. 


6.382 


0.814 


18.42 


. • . 


15.0 


250.0 


\ 


7.803 


1.421 


21.82 


. • . 


31.0 


219.0 


Near Bardweirs Ferry. 


8.617 


0.814 


LcreL 


• « . 


... 


219.0 




13.030 


4.413 


50.16 


221.35 


... 


440.35 


Opposite Shelbume Falls. 


13.275 


0.245 


23.05 


5.65 


... 


446.00 


OppositrShelbume Falls.- 


14.317 


1.042 


48.96 


51.00 


... 


497.00 




14.753 


0.436 


39.03 


• • • 


17.0 


480.0 


* 
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TABLE OF GRADES. 



iNHuee 

firum 


Length or 

Grade 

In Hilea. 


Grade 
per Mile 
InFeeL 


Totd. 


Viefttm 

ofGnde 

•bore Tide 

Water. 


• 


Grecnflcld 
inllilM. 


A«cen| 
in Feet 


Deecent 
in Feet 


LOCALITT. 


15.359 


0.606 


13.20 


• • • 


8.0 


472.0 


Near CleMon's Brook. 


15.548 
16.040 


0.189 


Iievel. 






472.0 


» 


0.492 


2S.40 


Z8.0 




485.0 




17.915 


1.875 


8.53 


16.0 




501.0 




19.815 


1.900 


14.21 


27.0 




528.0 




20.705 


0.890 


10.11 


9.0 




537.0 




21.235 


0.530 


Level. 


. • . 




537.0 




21.614 


0.379 


10.56 


4.0 




541.0 


BosrahBtbok* 


21.881 


0.267 


Leyel. 


. . . 




54L0 


Near Charlemofit. 


22.941 


1.060 


lSi.86 


20.0 




661.0 


Near Chkkley Biter. 


23.225 


0.284 


fD.d6 


8.0 




564.0. 


• 


23.698 
24.360 
25.136 


0.473 
0.662 
0.776 


27.46 
24.14 
25.76 


13.0 
16.0 
20.0 


1 


677.0 
603.0 
613.0 


■ 

C Second crossing of Deerfield 

C River. 


25.590 
26.404 


0454 


Level. 






613.0 




0.814 


41.13 


33.6 




6)6.5 


Near ZoflT Bridge. 


26.915 


0.511 


16.62 


8.5 




655.0 


* 
t 


27.294 


0.379 


10.56 


4.0 




659.0 


X 


27.864 


0.570 


21.47 


12.2 




671.2 




28.243 


0.379 


41.71 


15.8 




687.0 




30.137 


1.894 


41.71 


79.0 




786.0 


EaiM«)id4ftu>a«L 


32.404 


&967 


»j68 . 


72.0 




68S.0 


> Summit inside of TutineL 


32.631 


0.227 


Level. 


... 


k • . 


838.0 


S 


34.7^ 


%ni 


Sg2-.«5 


. . .' 


i8i0 


790.0 


West fend of Tmi»fi(l. 


36.8^ 


2.102 


^jOO 


« * . 


85X) 


705.0 




37.018 


0.164 


21.10 


... 


ZM 


701.44 


Korth Adams. 




782.6 


263.56 
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TABLE No. 1. — Continued. 



TABLE OF GRADES.— NORTH ADAMS TO STATE LINE. 



Diituoe 






ToteL 


Eleratfoik 






Length of 
Grade in 


Gnde 

per Mile 




ofOnMle 
above Tide 




flroni 
Oraenfield 


Ascent 


Deicent 


LOCALITY. 


inlffilef. 


Mile*. 


in Feet 


in Feet 


in Feet 


Water. 




37.018 


... 


. • . 










• • . 


701.44 


North Adams. 


sr.ifio 


0.1S2 


10.86 










1.44 


700.00 




38.796 


1.648 


35.16 










58.00 


642.00 




39.025 


0.227 


26.40 










6.00 


636.00 




39.707 


0.682 


35.16 










24.00 


612j00 


Blackinton's Factory. 


4L412 


1.705 


10.56 










18.00 


594.00 




41.980 


0.568 


5.28 










3.00 


591.00 




43.003 


1.023 


LeveL 










. • • 


591.00 




43.666 


0.663 


21.12 

• • . 


, 




\ 




14.00 


577.00 


State. Line. 




6.648 


124.44 





28 
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TABLE No. 2. 

LOCATION OF THE TROY & GREENFIELD RAILROAD FROM 

GREENFIELD TO NORTH ADAMS. 



STATIONS. 


COUKSES. 


Length! : Feet. 


LOCALITY. 


0. 


• • « • • 


... 


Greenfield. 


10.00 


7° 7h' Left. 


1,000 




18.36 


N. U° 00 W. 


836 




28.48 


Si** Left. 


1,012 




47.00 


S. 60° 34' W. 


1,852 




61.00 


3° Right. 


1,400 




75.00 


N. 77° 27' W. 


1,400 




93.58 


6® Left. 


1,858 


Sheldon Brook. 


101.43 


S. 80 55'E. 


785 




104.67 


3° Right. 


324 




119.39 


S. 0O48'W. 


1,472 


1 


126.38 


4° Right. 


699 




129.52 


S. 28° 45' W. 


314 


1' 


133.82 


4° Left. 


430 


« 


137.38 


S. 11°32'W. 


356 




145.88 


2« Right. 


850 




1*8.31 


S. 28°32'\V. 


243 




157.74 


4° Left. 


943 


Hawkes' Ravine. 


163.33 


S. 9or2'B. 


559 




170.55 


6° Right. 


722 




212.98 


S. 38° 08' W. 


4,243 




220.59 


3° Left. 


761 


/ 


229.55 


S. 11°18'\V. 


896 


• 

i 


239.23 


6° Right. 


968 


e 
1 


242.90 


S. 69° 22' W. 


367 


i 


245.46 


6° Left. 


256 


< 


247.86 


S. 63° 59' W. 


240 


Stillwater. 


256.11 


6° Right. 


825 




258.83 


N. 76° 32' W. 


272 




266.05 


6° Left. 


722 




266.97 


S. 60° 08' VV. 


92 




278.57 


8° Right. 


1,160 




283.82 


N. 27° 05' W. 


525 




286.32 


6" Right. 


250 




287.74 


N. 12° 05' W. 


142 




291.97 


6° Left. 


423 




295.06 


N. 37° 29' W. 


309 




299.10 


6° Right. 


404 




300.79 


N. 13° 15' W. 


169 
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TABLE No. 2. — Contibtued. 



STATIONS. 


COURSES. 


LengthBt Fe«t. 


LOCALITY. 


303.34 


6« Left. 


255 




305.18 


N. 28° 33' W. 


184 




307.76 


6« Bight. 


258 




309.22 


N. 130 08' W. 


146 




311.60 


60 Left. 


238 


Stickney's Brook. 


315.08 


N. 270 19' W. 


348 


* 


318.80 


30 Bight. 


372 




324.50 


N. 16° 09' W. 


570 




326.88 


6° Right. 


238 




329.00 


N. 10 63'W. 


212 


( 


330.44 


6® Left. 


144 




332.43 


N. 9051'W. 


199 




336.04 


e^Left. 


361 




351.00 


N. 320 31' W. 


1,496 




352.42 


40 Left. 


142 




355.85 


N. 370 40' W. 


343 




360.11 


6° Bight. 


426 




360.90 


N. 12° 06' W. 


79 




362.52 


60 Left. 


162 




363.70 


N. 210 50' W. 


118 


• 


366.18 


60 Right. 


248 




367.39 


N. 60 6S' VV. 


121 




373.70 


70 Left. 


631 




376.05 


N.510 09'W. 


235 




378.22 


60 Left. 


217 




379.35 


N.640II' w. 


113 




383.48 


70 Bight. 


413 




385.47 


N. 350 17' W. 


199 




390.09 


80 Left. 


462 




398.00 


N. 720 15' \V. 


791 




402.50 


60 Bight. 


450 




406.02 


N. 450 15' W. . 


352 


Bardwell's Ferry. 


410.16 


60 Bight. 


414 




411.83 


N. 200 29' W. 


167 




414.40 


30 Left. 


257 




416.12 


N. 280 11' W. 


172 




424.84 


40 Bight. 


872 




433.94 


N. 60 41'E. 


910 




438.56 


80 Left. 


462 


Crossing Dserfield Birer. 


441.78 


N. 300 15' W, 


322 




451.07 


80 Left." 


929 




453.00 


S. 750 25' W. 


193 
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STATIONS. 


COURSES. 


Ltngtbit Fc«t 


LOCALITY. 


457.04 


8« Eight. 


404 




460.25 


N.72oi6'W. 


321 




464.75 


30 Bight. 


450 




468.91 


N. 58« 47' W. 


416 




470.76 


6<» Bight. 


185 




478.15 


4«Lcft. 


739 




482.15 


N. 77« 16' W. 


400 




485.50 


e** Left. 


335 




486.44 


S. 820 39' W. 


94 




487.35 


4« Bight. 


91 




491.00 


8. 86« 11' W. 


365 




491.92 


40 Left. 


92 




495.37 


8. 82« 31' W. 


345 




602.12 


6° Bight. 


675 




506.84 


N. 56° 69' W. 


472 




512.06 


5® Bight. 


522 


• 


516.27 


N. 30® 53' W. 


421 




520.63 


30 Bight. 


436 




524.95 


N. 17*» 47' W. 


432 




5>0.25 


4" Bight. 


530 




533.32 


N. 3«25'E. 


307 




534.90 


2® Bight. 


158 




541.44 


N. 6°36'E. 


654 




543.78 


6° Bight. 


234 




544.95 


N. 20° 37' E. 


117 




550.20 


30 Left. 


525 




555.79 


N. 4058'E. 


559 




568.00 


6° Left. 


1,221 




569.04 


N. 68° 28' W. 


.104 


• 


574.80 


6° Bight. 


576 




577.24 


N. 33° 49' W. 


244 




581.93 


5«> Left. 


469 




583.22 


N. 57*» 14' W. 


129 




589.83 


6° Bight. 


661 




591.56 


N. 17° 36' W. 


173 




596.12 


4° Left. 


456 




597.66 


N. 35° 48' W. 


154 




601.45 


40 Bight. 


379 


• 


604.20 ' 


N. 20° 38' W. 


275 




610.12 


5° I,eft. 


592 




614.50 


N. 50° 14' W. 


438 




616.53 


2° Bight. 


203 


» 
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TABLE No. 2.— Continued. 



STATIONS. 


C0UB8ES. 


Lragthst Feet. 


LOCAUTT, 


621.90 


N. 46° 10' W. 


537 




623.20 


4'>Lcft. 


130 


t 


633.77 


N. 51« 22' W. 


1,057 




639.09 


6° Right. 


532 




640.43 


N. 19« 28' W. 


134 




642.20 


6® Right. 


177 




643.30 


N. 10° 38' W. 


110 




645.74 


5° Right. 


244 




647.30 


N. 1°34'E. 


156 




650.53 


6« Left. 


323 




660.00 


N. 17® 48' W. 


947 




663.78 


4° 46' Left. 


378 




673.86 


N. 35° 43' W. 


1,008 




678.21 


6° Right. 


435 




680.20 


N. 9037'W. 


199 




685.16 
692.59 
700.34 


6<»Left. 
N. 39« 28' W. 
80 Right. 


496 

8374 

776 


( Shelburne Falls. — Be- 
i tween 691 and 692 k 194i'. 


710.58 


N. 22<» 33' E. 


1,024 




713.83 


6« Right. 


325 


\ 


719.03 


N. 42° 03' E. 


520 




724.05 


6° Left. 


502 




730.40 


N. IP 56' E. 


635 




736.77 


6° Left. 


637 




747.20 


N. 26° 20' W. 


1,043 




751.00 


40 Left. 


380 




751.38 


1° 19' Left. 


38 




754.28 


N. 42« 02' W. 


290 




763.18 


6« Left. 


890 




765.42 


S. 840 34' W. 


224 




773.60 


60 Right. 


818 




783.65 


N. 460 26' W. 


1,006 




792.27 


60Left. 


862 




795.00 


S. 81° 51' W. 


273 




799.67 


4° Right. 


467 




803.16 


N. 79° 28' W. 


349 




808.16 


5° Left. 


500 




810.60 


S. 76° 32' W. 


244 




812.34 


6° Right. 


174 




813.35 


8. 85° 58' W. 


101 


Olesson's Riyer. 


817.65 


6° Right^ 


430 




848.96 


N. 68° 14' wt 


3,131 





000 



ENGINEER S REPORT. 



TABLE No. 2. — Continued 



STATIONS. 


COURSES. 


I^engtlw : Feet. 


LOCAMTY. 


854.19 


4«> Left. 


523 




882.31 


N. 89° 08' W. 


2,812 




885.54 


• 4° Left. 


323 




901.30 


S. 77° 56' W. 


1,576 




905.25 


3° Right. 


39.5 




911.50 


S. 89° 48' W. 


625 




913.41 


6° Left. 


191 




915.06 


S. 78° 20' W. 


165 




922.65 


4° Right. 


759 




934.18 


N. 71° 18' W. 


1,153 




938.98 


4° Left. 


480 




943.28 


S. 89° 30' W. 


430 




949.04 


3° Right. 


576 




953.43 


N. 73° 13' W. 


439 




959.25 


6° Right. 


582 




902.22 


N. 38° 18' W. 


297 




966.i3 


6° Left, 


421 




968.46 


N. 63° 34' W. 


203 




974.27 

. 987.71 

990.08 


6° Left. 
S. 81° 35' W. 
4° Right. 


681 

1,375 

237 


i Between 985 and 986 a 
i 131 feet. 


991.44 


N. 88° 56' W. 


136 




994 58 


4° Left. 


314 




997.64 


S. 78° 31' W. 


306 




1004 56 


6° Right. 


692 




1012.45 


N. 59° 57' W. 


789 




1014,87 


4° Right. 


242 




1018.05 


N. 50° 16 W. 


318 




1024.15 


6° Left. 


610 




1025.13 


N. 86° 52' \V. 


98 




1032.31 


6° Right. 


718 




1034.12 


N. 43° 47' W. 


181 




1037.26 


3° Right. 


314 




1050.00 


N. 34° 22' W. 


1,274 




1052.60 


3° Right. 


260 




1060.76 


N. 26° 34' W. 


816 




1064.58 


6° Left. 


382 




1070.62 


2° Left. 


604 




1081.03 


N. 61° 34' W. 


1,041 




1089.10 


6° Left. 


807 




1090.67 


S. 70° 01' W. 


157 





1 
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TABLE No. 2. — Continued. 



STATIONS. 


COURSES. 


I^ngtlis t Feet. 


LOCAIJTY. 


1096.78 


6° Right. 


611 




1106.78 


N. 73° 19' W. 


1,000 


* 


1117.00 
1120.00 
1122.34 


2° Left. 
S. 86° 15' W. 
6° Left. 


1,022 
300 
234 


c Opposite Chnrlemont 
( Centre. 


1123.55 


S. 72° 13' W. 


121 




1131.44 


6° Right. 


789 




1134.80 


N. 60° 27' W. 


336 




1138.80 


6° Left. 


400 




1140.33 


N. 84° 27' W. 


153 




1144.56 


6° Right. 


423 




1157.22 


N. 69° 04' W. 


1,266 




1161.22 


2° Left. 


400 




1166.18 . 


N. 67° 04' W. 


496 




1170.81 


2° 30' Right. 


463 




1172.28 


N. do^" 30' W. 


147 




1174.28 


2° 30' Right. 


200 




1180.89 


N. 50° 30' W. 


661 




1183.50 


3° Right. 


261 




1185.12 


N. 42° 40' W. 


162 




1191.00 


6° Left. 


588 




1192.14 


4° Left. 


114 




1195.20 


N. 82° 31' W. 


306 




1201.63 


6° Right. 


643 




1202.10 


N. 43° 56' W, 


47 


Chickley's River, 


1204.16 


6° Right. 


206 




1206.62 


N. 31° 34' W. 


246 




1208.16 


4° Left. 


154 




1215.13 


N. 39° 44' W. 


697 




1219.57 


6° Left. 


444 




1227.72 


N. 66° 24' W. 


815 




1238.72 


4° Right. 


1,100 




1258.85 


N. 22° 24' W. 


2,013 




1265.93 


4° Left. 


708 




1269.26 


N. 50° 44' W. 


333 




1274.03 


5° Left. 


477 




1285.91 


N. 74° 35' W. 


1,188 


Deerfield River. 


1296.00 


6° Right. 


1,009 




1302.14 


5° Right. 


614 




1306.74 


N. 14° 11' E. 


460 




1309.79 


4° Left. 


305 
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TABLE No. 2.— CoyTiiruxi> 



STATIONS. 


COURSES. 


Lengths 1 Feet 


LOCALITY. 


1315.70 


N. 1°59'E. 


591 




1320.14 


6<» Left. 


444 




1325.36 


N. 240 39' W. 


522 




1328.13 


8® Left. 


277 




1337.52 


N. 32° 57' W. 


939 




1355.60 


4« Left. 


1,808 




1358.60 


S. 74« 44' W. 


300 




1362.25 


6« Bight. 


365 




1364.07 


N. 83° 22' W. 


182 




1368.21 


6«Left. 


414 




1381.65 


S. 71® 50' W. 


1,344 




1384.22 


6® Bight. 


257 




1386.29 


8. 87° 15' W. 


207 




1399.00 


^« Bight. 


1,271 




1401.00 


5° Bight. 


200 


Zoar Bridge. 


1405.80 


4« Bight. 


480 




1409.40 


N. 12« 43' E. 


360 




1416.00 


2° Bight. 


660 




1419.00 


N. 25° 55' E. 


300 




1421.60 


60 Left. 


260 




1428.26 


N. 10° 19' E. 


666 




1430.45 


40 Bight. 


219 




1432.45 


N. 19° 05' E. 


200 




1435.57 


6° Left. 


312 




1445.88 


N. 0«22'E. 


1,031 




1454.20 


6° Left. 


832 




1456.75 


N. 490 33' W. 


255 




1464.00 


6« Left. 


726 




1465.00 


S. 86° 57' W. 


100 




1467.50 


4° Left. 


250 




1470.00 


6° Left. 


250 




1471^ 


40 Left. 


122 




1485.72 


S. 57° 04' W. 


1,450 




1491.40 


6° Bight. 


568 




1495.16 


S. 88° 52' W. 


376 




1499.08 


4° Left. 


392 




1510.75 


S. 73° 13' W. 


1,167 




1522.48 


6° Bight. 


1,173 




1527.25 


N. 36° 24' W. 


477 




1532.69 


3° Left. 


544 




1552.64 


N. 52° 43' W. 


1,995 
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TABLE No. 2, — Continued. 



STATIONS. 


COURSES. 


Length* 1 Feet 


LOCALITY. 


1559.00 


40 Right. 


636 




1570.81 


N. 27® 17' W. 


1,181 




1574.69 


4° Left. 


888 


• 


1582.53 


N,42<»4»'W. 


.784 




1590.53 


5° Left. 


800 


East end of Tunnel. 


1753.92 


N. 81<> 08' W. 


16^8 


( Between 1590.53 and 1591 
i = 22 feet. 


1753.92 


Angle 0<> 26' Left 






1840.70 


N. 81« 34' W, 


8,678 


Near west end of Tunnel. 


1856.86 


40 Right. 


1,616 




1911.00 


N. 16«> 42' W. 


5,414 




1921.62 


2«>Left. 


1,062 




1953.65 ) 
1898.00 > 


N. 38<> 07' W. 


8,203 


North Adami. 



TABLE OF CURVATURE ON TROY & GREENFIELD RAILROAD. 



Number of 
Cuiree. 


Deeeripttoa. 


liength of each 
CSaM of Curve. 


Told Ounretnre. 


8 


2® or 2,865 feet radius. 


0.946 miles. 


" 


17 


3® " 1,910 


1.480 " 




35 


40 " 1,4324 " 


8.483 «< 




11 


50 «« 1,146 « 


0.942 «« 


> 4030® 


72 


6® " 955 


7.101 " 




3 


7** 74' " 764 to 8184 " " 


0.387 " 




6 


8© " 716.2 " " 


0.794 " 





152 


15.133 miles. 






Straight line • 


21.885 " 






87.018 miles. 


. 



29 
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EMINBBR^B REPOKf. 



TABLE 



TABLE No- a. 

OF GRADES ON MB. EDWARDS' LOCATION, FROM GREEN- 
FIELD TO NORTH ADAMS. 



DMhbm 

frOflft 


Length or 

Qnds 
tnHilM. 


Onid* 

perMOt 
InFMt 


TiML 


Ctovelion 
ofOnde 

•bore Tide 
Water. 


LOCAUTT. 




araenMd 
In MUM. 


AMMit 

la FMt. 


Dw»nl 
in Feet 




0.000 

L9Q0 










184.00 
268.00 


QmtmiM. 




1.900 


44.21 


84.00 


• • • 




3.030 


1.130 


46.02 


52.00 


• • • 


820.00 






4.125 


1.095 


25.57 


28.00 


• • • 


348.00 


\ 




4.165 
4.850 


0.040 


LifiTel. 






318.00 






0.685 


26.28 


a . » 


18.00 


330.00 


, 




5.720 


0.870 


LeyeL 


. . .- 


. • . 


330.00 






5.980 


0J60 


lAM 


... 


&M 


325.00 


i 




7.120 
8.630 


I.I40 


Y 1 






^.00 
345.00 


Near BardweH's Ferry. 




1.510 


13.20 


20i)0 


... 


Dragon Brook. 




9.770 


1.140 


26.40 


30.00 


... 


375.00 






12.040 


2.270 


26.40 


59.00 


... 


434.00 






12.410 


0.370 


Level. 


• • • 


... 


434.00 






14.500 


2.090 


26.40 


56.00 


... 


490.00 






16.400 


1.900 


13.20 


25.00 


... 


ft5.00 






17.160 
18.480 


0.760 
1.300 


lifivel. 






515.00 






18.85 


25.00 


... 


540.00 






19.240' 


0.760 


6.60 


5.00 


.- . . 


di6M 






20.180 


0.910 


Leyel. 


... 


... 


545.00 


MUe Brook. 




20.560 


0.380 


13.20 


5.00 


... 


550.00 






21.320 
22.100 


0.760 
0.780 


Level. 






550.00 






26.40 


25w00 


• 
... 


575.00 






23.210 


1.110 


21.12 


20.00 


... 


595.00 


Deerfield Hirer. 




26.980 


5.770 


31.27 


180.00 


... 


775,00 






29.445 


0.465 


32.25 


15.00 


... 


790.00 






31.345 


1.900 


31.68 


60.00 


... 


850.00 


Saminit inside of Tunnel. 




31.440 
33.690 


0.095 
2.250 


LiftTeK 






SBOM 


Summit inside of Tunnel. 




26.62 


... 


60.00 


790.00 


Near west end of Tunnel. 




35.880 


2.190 


41.93 


... 


94.00 


696.00 


North Adams. 






689.00 


177.00 


— 
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TABLE No. 3. — Continued. 



ABSTRACT OP GRADIENTS ON MB. :i6DWARDS* LOCATION. 



^ GRADIENTS. 


AseendlBK Wett 


PwcendlngWatt 


Ttotd. 




sn«t. 


MilM. 


Mllei. 


LeveL . • . • 


• • • • 


.... 


4.W5 


• 

From to 10 feet per mile, . . . 


0.760 


.... 


0.760 


" 10to2© . . 


6.110 


0.260 


6.370 


« 30to90 ........ 


8.485 


. 2.936 


11.420 


« 90 to 40 

• 


8.13^ 


• » • • 


8.185 


" 40to4L93 




2.190 


6.280 


«« «0t»48 


3.030 






25.620 


6.386 


36.880 



TABLE No. 4. 



TABLB OF OXmYATURE ON MB. EDWARDS' LOCATION. 





Lefegttii 
in MilM. 




Whole No. or 
Degrefiof 
Canrature. 




lo Canre = 6,730 feet radius, • . 


8.438 , 


• 


' 




2o " =2,866 «• « 


6.213 








30 " =1,910 «• « 


3.906 




• 




4« " =1,432 " " 


3.641 




►2287*48' 




50 " =1,146 « « 


0.976 








6® " = 966 " " 


0.189 


17.317 
18.663 


1 




Straiffht line. 












* 


^.880 
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TABLE No. 5. 

TABLE OF GRADBS ON DEBBFIELD B0X7TE FROM YEBMONT & 
MASSACHUSETTS RAILROAD TO BARDWELL'S FERRY. 



! J 



Difteaee 






TotaL 


Eleretion 




flro'iA 


Length or 
Grade 


Grade 

per Mile 






of Grade 
•bore Tide 




Qraenfleld 


Aaeent 


Deieent 


LOCALITY. 


inMOe*. 


liillQee. 


InF^et. 


In Feet 


in Feet 


Water. 


• 


• 

0.000 




• 




. 


165.8 


YYennont A Massa 






• 






C ohusetts Railroad * 


0.568 


0.568 
0.424 


Leyel. 




• « « ' 


165.8 
176.8 


• 


0.992 


25.95 


11.0 


• • • 


• 


1.068 


0.076 


LeTcl. 






176.8 


C Connectiout River 










C Railroad. 


2.223 


1.155 


19.73 


• • . 


22.8 


154.0 




. 2.640 


0.417 


LeveL 


• • . 


. • . 


154.0 




3.004 


0.454 


28.63 


... 


13.0 


141.0 


Deerfield Centre. 


8.587 


0.493 


LCTCI. 


• • • 


• • • 


141.0 




3.890 


0.303 


23.10 


7.0 


. • • 


148.0 


Deerfield River. 


4.155 


0.265 
1.363 


LeTcl. 






148.0 
195.0 




5.518 


34.47 


47.0 


• . • 




5.803 


0.285 


Level. 


• • • . 


... 


195.0 




8.111 


2.308 


10.40 


24.0 


• • . 


219.0 


Bardweirs Ferry. 




89.0 


35.8 
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TABLE No. 6. 

TABLE OF GRADES ON VERMONT & MASSACHUSETTS RAILROAD 
AND TROY & GREENFIELD RAILROAD, EMBRACED BETWEEN THE 
POINTS OF JUNCTION WITH THE DEERFIELD ROUTE. 



DiiUnce 






Total. 


Elevation 






Length of 
Urade in 


Grade 

per Mile 






of Grade 
above Tide 




fW>m Vt * 
Mass. R. R. 


Aacent 


Descent 


LOCALITY. 


in Miles. 


MilM. 


in Feet. 


in Feet. 


in Feet. 


Water. 


• 


0. 










165.8 
157.0 


Vermont & Mass.R.R. 


0.227 


0.227 


38.72 

a 


• • • 


8.8 


i( tt <t 


0.416 


0.189 


Level. 


• • • 


• • • 


157.0 


i( (i It 


0.965 


0.549 


34.59 


19.0 


• • • 


176.0 


t( « <* 


1.325 


0.360 


17.78 


6.4 


• • • 


182.4 


Greenfield. 


1.514 


0.189 


31.68 


6.2 


• « « 


188.6 


Green River 


2.782 


1.268 


58.63 


74.4 


• • • 


263.0 




2.970 


0.188 


31.68 


6.0 


• • • 


269.0 


Sheldon Brook 


3.408 


0.438 


56.24 


24.5 


* 
• • • 


293.5 




3.598 


0.190 


13.20 


2.5 


• • • 


296.0 




3.787 


0.189 


26.40 


. • • 


5.0 


291.0 




3.976 


0.189 


10.56 


2.0 


• « • 


293.0 




4.166 


0.190 


36.96 


• • • 


7.0 


286.0 


Hawkes' RaWne. 


4.317 


0.151 


33.00 


5.0 


• • • 


291.0 




4.582 


0.265 


33.94 


• • • 


9.0 


282.0 




4.601 


0.019 
0.360 


LeveL 






282.0 
289.0 




4.961 


20.50 


7.0 


« • • 




5.321 


0.360 


20.50 


• • • 


7.0 


282.0 




5.340 


0.019 


Level. 


• • • 


• • • 


282.0 




5.605 
6.571 
6.893 


0.265 
0.966 
0.322 


41.48 
17.60 
34.15 


11.0 

• • • 

• • • 


• • • 

17.0 
11.0 


293.0 
276.0 
265.0 


C End of Stillwater 
C Trestle Bridge. 


7.707 


0.814 


18.42 


. • • 


15.0 


250.0 




9.033 


1.326 


23.38 


... 


31.0 


219.0 


Bardwell's Ferry. 




9.033 


164.0 


110.8 












164.0 








274.8 





s 
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